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HIGHLIGHTS OF THE FOURTH EASTERN PINE AND MEADOW VOLE SYMPOSIUM 
The Four th Eastern Pine and Meadow Vole Symposium was he ld  i n  
Hendersonvi l l e ,  Nor th Caro l ina February 21 and 22, 1980 f o r  the  pr imary 
purpose o f  assessing the  cur ren t  s ta tus  of research and extens ion pro-  
grams r e l a t i n g  t o  the  problem o f  vo le  damage t o  f r u i t  t rees.  The meet- 
ing was designed t o  be in fo rmat i ve  and t o  c rea te  an atmosphere whereby 
growers and var ious agencies such as €PA, USDA, USDI, the  chemical 
i ndus t ry  and u n i v e r s i t y  personnel could observe the cur ren t  t h r u s t  o f  
v o l e  research programs and t h e i r  p o t e n t i a l  impact on f u t u r e  c o n t r o l  
methods. 
By the t ime o f  the 1980 meeting approximately $1 m i l l  i o n  d o l l a r s  
i n  USDl con t rac ts  f o r  v o l e  research had been dispensed and research from 
t h i s  new funding base had r e s u l t e d  i n  new in format ion being generated. 
The meeting prov ided an e x c e l l e n t  oppor tun i t y  f o r  a l l  a t tend ing  t o  be 
informed concerning t h e  breadth and depth o f  var ious research e f f o r t s .  
Growers represent ing the Nor th Caro l ina apple indus t ry  r e i t e r a t e d  
the g r e a t  va lue o f  Endr in  ground cover sprays f o r  the  con t ro l  o f  orchard 
voles. Apparent ly the  Endr in  res is tance problem has no t  been a ser ious 
problem as viewed by growers i n  t h a t  s ta te .  A t o u r  o f  the  Nor th Caro l ina 
S t a t e  U n i v e r s i t y  research p l o t s  by Dr. Donald Hayne and M r .  B i l l  S u l l i v a n  
was w e l l  attended and l o c a l  arrangements by D r .  Mel Kolbe were appreciated. 
I n  a d d i t i o n ,  the  new vo le  research f a c i l i t i e s  were shown a t  the Nor th 
Caro l ina S t a t e  U n i v e r s i t y  Mountain Crops Research S t a t i o n  a t  F le tcher ,  
Nor th Caro l ina.  
W i t h i n  t h e  geographic range of the  p ine  vo le,  con t ro l  measures used 
by growers a re  i n  a s t a t e  o f  f l u x  from one region t o  another. This  
appears l a r g e l y  due t o  d i f fe rences  i n  the Endrin res is tance problem. 
Toxicants, however, appear t o  remain as the l e a s t  expensive, m s t  
e f f e c t i v e  c o n t r o l  method f o r  c o n t r o l l i n g  ser ious v o l e  in fes ta t ions .  
Supplemental c u l t u r a l  c o n t r o l  methods ( c u l t i v a t i o n ,  herb ic ides,  and 
mowing) have been found both b e n e f i c i a l  and expensive. Reports on the 
federa l  clearance o f  a new and more e f f e c t i v e  Zn Phosphide formulat ion 
has r e s u l t e d  i n  a new use f o r  an o l d  t o x i c a n t .  

STRETCHING THE MOUSE CONTROL DOLLAR 
J o h n  E. Crumpacker  
H.  F. and  T. 8. Byrd,  I n c o r p o r a t e d  
T i m b e r v i l l e ,  V i r g i n i a  22853 
One o f  t h e  b i g g e s t  p r o b l e m s  i n  o u r  mouse c o n t r o l  program 
a t  H .  F. and T. 0. Byrd,  I n c .  i n  T i m b e r v i l l e ,  V i r g i n i a  is 
k e e p i n g  a  p a l a t a b l e  b a i t  b e f o r a  t h e  v o l e s  u n t i l  t h e  b a i t  c a n  
b e  a c c e p t e d .  F o r  y e a r s  we u s e d  l a b o r  needed  f o r  p r u n i n g  t o  
p l a c e  a n  e x p e n s i v e  b a i t  o n l y  t o  b e  impeded by wet w e a t h e r  t h a t  
molded t h e  b a i t .  
T h i s  y e a r  a n  e f f o r t  is b e i n g  made t o  k e e p  t h e  b a i t  i n  
good c o n d i t i o n  and b e f o r e  t h e  t a r g e t  a n i m a l  f o r  a l o n g e r  t i m e .  
We c u t  o l d  c a r  t i r e s  ( n o t  s t e e l  b e l t e d )  g i v e n  t o  u s  by a  l o c a l  
d i s t r i b u t o r  and r e n t e d  h i s  t i r e  s p l i t t i n g  machine .  The h a l f  
t i r e  was p l a c e d  u n d e r  a  t r e e  whera  it would l e a s t  l i k e l y  b e  i n  
t h e  way o f  mowing, b r u s h  r emova l ,  e t c .  The h a l f  t i r e  p l a c e d  
w i t h  t h e  a r c h e d  s i d e  up  makes a . d e s i r a b l e  h a b i t a t  f o r  t h e  v o l e  
a n d  a l s o  k e e p s  t h e  b ~ i t  d r y  f rom f a l l i n g  w e a t h e r .  
Tha s e c o n d  p a r t  o f  t h i s  y e a r ' s  program was p u t t i n g  t h e  
b a i t  u n d e r  t h e  t i r e  i n  3% o u n c e  p l a s t i c  c u p s  ( u s e d  i n  h o s p i t a l s  
and  n u r s i n g  homes).  T h i s  1 % ~  cup  k e e p s  t h e  b a i t  f rom a b s o r b i n g  
m o i s t u r e  f rom t h e  g round .  
I n  l a r g e  p o p u l a t i o n  a r e a s  t h e  t i r e s  a r e  i n h a b i t e d  and t h e  
b a i t  is t a k e n  i n  a  m a t t e r  o f  d a y s .  A r e a s  t h a t  hava  less v o l e s  
t h e  t i r e  may n o t  b e  v i s i t e d  f o r  a  month o r  s o .  The e x c i t i n g  
p a r t  o f  thb program is t h a t  e v e n  a f t e r  two months  and s e v e r a l  
we t  p e r i o d s  t h e  b a i t  is s t i l l  i n  good c o n d i t i o n  and still  
a v a i l a b l e .  
We f e e l  we h a v e  " h i t  on" s o m e t h i n g  a s  l o n g  a s  t h a  t i r e s  
i n  t h e  o r c h a r d  w i l l  n o t  be  more t r o u b l e  t h a n  t h e y  a r e  wor th .  
RODENTICIDE USE I N  APPLE ORCHARDS 
Walter  L. Ferguson 
Economist,  Na tu ra l  Resources Economics Div i s ion  
Economics, S t a t i s t i c s ,  and Cooperat ive  Se rv ice  
Uni ted  S t a t e s  Department of A g r i c u l t u r e  
Washington, D. C. 20250 
I n t r o d u c t i o n  
The p r e l i m i n a r y  d a t a  p resen ted  i n  t h i s  paper were ob ta ined  from t h e  
1978 Survey of  P e s t i c i d e  Use on Deciduous F r u i t s  (F igure  1 ) .  The 
survey was conducted by t h e  Economics, S t a t i s t i c s  and Cooperat ives  
S e r v i c e ,  USDA. 
The purpose of  t h i s  paper i s  t o  p resen t  i n fo rma t ion  on: ( 1 )  roden- 
t i c i d e s  used i n  c o n t r o l l i n g  meadow and p ine  v o l e s ,  ( 2 )  method and 
t iming of a p p l i c a t i o n s  and type  of coverage, ( 3 )  t r e e  l o s s e s  due t o  
v o l e  i n j u r y  by r e g i o n ,  and ( 4 )  growers perceived e f f i c a c y  of 
chemicals  v e r s u s  c u l t u r a l  and mechanical c o n t r o l s .  These d a t a  a r e  
based on t h e  aggrega ted  r e sponses  of  t h e  surveyed a p p l e  producers.  
Roden t i c ide  App l i ca t ion  
On an  a c r e  t r e a t e d  b a s i s ,  z i n c  phosphide,  d iphacinone,  e n d r i n  and 
chlorophacinone a r e  t h e  f o u r  major chemicals  used f o r  c o n t r o l l i n g  
v o l e s  i n  a p p l e  o r c h a r d s  (Table  1). S t rychn ine  and war fa r in  a r e  
used t o  a  minor e x t e n t .  The ac reage  t r e a t e d  by t h e s e  s i x  
r o d e n t i c i d e s  accounted f o r  28 p e r c e n t  of  0.5 m i l l i o n  a c r e s  of  
b e a r i n g  and nonbear ing a p p l e  o rcha rd  ac reage  i n d i c a t e d  i n  t h e  1974 
Census of Agr i cu l tu re .  I n  terms of q u a n t i t y  a p p l i e d ,  e n d r i n  i s  t h e  
most used r o d e n t i c i d e .  Nearly 42,000 pounds ( a . i . )  o f  e n d r i n  were 
a p p l i e d  i n  1978. The number of  a p p l i c a t i o n s  p e r  season ranged from 
1.0 t o  about  1.3 f o r  t h e  s i x  roden t i c ides .  
Roden t i c ides  a r e  g e n e r a l l y  a p p l i e d  by t h e  growers  (Table  2). An 
e x c e p t i o n  i s  z i n c  phosphide where custom a p p l i c a t o r s  t r e a t e d  16 
p e r c e n t  of  t h e  ac reage .  Zinc phosphide i s  a p p l i e d  only  a s  a  b a i t .  
I n  t h e  S t a t e  of Washington, which accoun t s  f o r  about  20 p e r c e n t  of 
t h e  U.S. a p p l e  ac reage ,  z i n c  phosphide i s  o f t e n  a p p l i e d  immediately 
a f t e r  h a r v e s t  f o r  meadow v o l e  c o n t r o l  by custom a p p l i c a t o r s  us ing  a  
t r a i l  b u i l d i n g  machine. 
Most of  t h e  U.S. a c r e a g e  i s  t r e a t e d  a f t e r  ha rves t .  Seventy-two 
p e r c e n t  of  t h e  e n d r i n  and chlorophacinone and 100 pe rcen t  of t h e  
w a r f a r i n  and s t r y c h n i n e  i s  a p p l i e d  i n  t h e  f a l l  a f t e r  ha rves t .  The 
remaining e n d r i n  and chlorophacinone a r e  a p p l i e d  p r i o r  t o  t h e  
pre-bloom s t a g e  of growth. 
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General ly ,  t h e  a r e a  around t h e  base o f  each t r e e  i n  t h e  orchard is 
t r e a t e d  when e n d r i n ,  d iphacinone,  s t rychn ine  and z i n c  phosphide a r e  
used. Spot t r e a t m e n t s  a l s o  a r e  used t o  t r e a t  only  those  a r e a s  of an  
orchard where evidence of i n f e s t a t i o n  i s  found. Some 60 pe rcen t  o f  
t h e  chlorophacinone- t reated ac reage  i s  on a  spo t  bas i s .  Spot t r e a t -  
ment reduces  c o s t s  and environmental exposure. 
Tree Losses  
Of t h e  n e a r l y  9,000 a p p l e  producers  i n  t h e  U.S. (excluding 
C a l i f o r n i a ) ,  about  3,500 o r  39 pe rcen t  r e p o r t  t r e e s  l o s t  i n  1978 t o  
v o l e  i n j u r y  (Table  3).  
Meadow v o l e s  g i r d l e  t h e  bark a t  t h e  base  of t h e  t r e e  whi le  pine  
v o l e s  f eed  on t h e  r o o t s .  Trees  may s u s t a i n  damage over s e v e r a l  y e a r s  
be fo re  they  d ie .  Growers r epor ted  t h a t  a  t o t a l  of 123,000 t r e e s  d ied  
i n  1978 a s  a  r e s u l t  o f  v o l e  in ju ry .  Growers were not  asked t o  r e p o r t  
t h e  number of t r e e s  damaged by v o l e s  o r  t h e  l o s s  i n  app le  product ion 
from v o l e  i n j u r y .  About 60 pe rcen t  o f  t h e  t r e e s  k i l l e d  were o f  non- 
bea r ing  age. Young t r e e s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  v o l e s  be- 
cause  they a r e  no t  s t r o n g  enough t o  compensate f o r  t h e  damage. 
Orchards i n  t h e  Nor theas t  a r e  a f f e c t e d  most by v o l e  i n j u r y  wi th  
about  74,000 t r e e s  r e p o r t e d  l o s t  i n  1978. Some 30,000 of these  t r e e s  
were of bea r ing  age. 
Most E f f e c t i v e  Method 
Most of t h e  t r e a t e d  ac reage  i s  f o r  c o n t r o l  of t h e  meadow v o l e  which 
dwel l s  p r i m a r i l y  on t h e  s u r f a c e  and i s  e a s i e r  t o  c o n t r o l  than t h e  
p ine  v o l e ,  a  subsur face  dwel ler .  About 58 pe rcen t  of t h e  surveyed 
a p p l e  producers  r e p o r t  chemicals  a r e  t h e  most e f f e c t i v e  method of 
c o n t r o l l i n g  vo les .  There i s  l i t t l e  v a r i a t i o n  among reg ions  i n  t h e  
p ropor t ion  of producers  judging chemicals  a s  t h e  most e f f e c t i v e  
c o n t r o l .  The p ropor t ion  o f  producers  r e p o r t i n g  chemicals  t o  be most 
e f f e c t i y e  ranged from 55 t o  61 pe rcen t  f o r  t h e  f o u r  r eg ions  
(Table  4).  
From 12 t o  1 8  p e r c e n t  of t h e  producers  i n  each reg ion  r e p o r t  c u l t u r a l  
methods (mowing, d i s c i n g ,  e t c . )  a s  t h e  most e f f e c t i v e  method of v o l e  
c o n t r o l .  
About 15 and 21 p e r c e n t ,  r e s p e c t i v e l y ,  of t h e  producers  i n  t h e  North- 
e a s t  and North C e n t r a l  r eg ion  r e p o r t  mechanical methods (g rave l ,  
w i re ,  e t c . )  a s  t h e  most e f f e c t i v e  mice c o n t r o l  method. Only 1-2 
pe rcen t  of t h e  producers  i n  t h e  South and West r eg ions  r e p o r t  t h i s  
method a s  t h e  most e f f e c t i v e .  
Summary 
1. About 28 percent of the  apple orchard acreage was t rea ted  with 
rodent ic ides  i n  1978. 
2. The four  major rodent ic ides  used f o r  vole  con t ro l  a r e  zinc 
phosphide, diphacinone, endrin,  and chlqrophacinone. Endrin i s  
t h e  most heavi ly used rodent icide i n  terms of quant i ty  used. 
3. Custom a p p l i c a t i o n  represen ts  only a  minimal proport ion of t h e  
acreage t r e a t e d  with rodent icides.  An exception i s  z inc phosphide 
where custom a p p l i c a t o r s  t r e a t e d  16 percent of t h e  acreage. 
4. Most orchards a r e  t r e a t e d  a f t e r  harvest.  
5. Generally, t h e  a r e a  around the  base of each t r e e  i n  the  orchard 
i s  t r e a t e d  when using endrin,  diphacinone, s t rych ine ,  and z inc  
phosphide; spo t  treatment i s  used f o r  about one-half of the  
chlorophacinone-treated acreage. 
6. Vole i n j u r y  accounted f o r  approximately 123,000 t r e e s  l o s t  during 
1978, of which 37 percent  were a t  bearing age. 
7. The major i ty  of growers repor t  chemicals a s  the  most e f f e c t i v e  
method of vole  con t ro l .  
Table 1. Apple orchard rodenticides: Acres treated, application 
rates, and total quantity applied, by region 1978 1 
Rodenticide :Acres :Quantity per:Applications:Quantity:Total 
:treated :acre per :per :per acre:quantity 
: - 2.1 :application :season :per :applied 
:seasod : 
Pounds a.i. ---Pounds a.i.---- 
7'9 
Endrin 29,447 20 1.276 1.111 1.418 41,756 
Chlorophacinone 14,833 lo .024 21 1.297 .031 460 
Diphacinone 42,237 27 21 1.034 - 41 218 
Warfarin 33 1 - 51 1.000 - 51 - 51 
Strychnine 162 d \ il 1.274 - 4/ 2 
Zinc phosphide 57,877 UC) .I64 1.138 .I87 10,823 
11 Preliminary data from 1978 ESCS Survey of Pesticide Use on 
- 
Deciduous Fruits. California excluded. 
21 Acres treated one or more times. 
- 
31 The label rate of chlorophacinone is 0.2 lbs./acre applied as a 
- 
spray or 2 applications of 0.005 lbs. a.i./acre/application 
applied as a bait. The per acre rate of 0.024 reflects an 
average of spray and bait applications. 
41 Diphacinone and strychnine are applied as baits only. Growers 
- 
did not report the rate per acre per treatment. Only the 
total quantity applied for the season was reported. 
51 Warfarin is applied as a bait only. Growers reported using less 
- 
than 0.5 lb. of a.i. on the acres treated. 
61 Accounts for 28 percent of the total 507,348 acres in bearing and 
- 
nonbearing age apple trees indicated in 1974 Census of Agricul- 
ture, Volume 1, Part 51, Table 11. 
Tab le  2. Apple o r c h a r d  r o d e n t i c i d e s :  Acre t r e a t m e n t s ,  method of  
a p p l i c a t i o n ,  s t a g e  o f  development and t y p e  o f  coverage ,  
by r e g i o n ,  1978 11 
R o d e n t i c i d e  : Acre :Method of  : When a p p l i e d  :Type o f  
------------ P e r c e n t  of  acreage-------------- 
Endr in  32,709 99 1 72 2 8 90 1 0  
Chlorophacinone  19 ,243 97 3 7 2 28 40 , 6 0 
Diphacinone 43,681 95 5 96 4 90 10  
War fa r in  33 100 - 100 - 5 0 50  
S t rychn ine  207 100 - 100 - 100 - 
Zinc  phosphide  65,892 84 16 8 2 1 8  80  2 0 
- - 
- = z e r o  o r  l e s s  t h a n  0.5. 
11 P r e l i m i n a r y  d a t a  from 1978 ESCS Survey of  P e s t i c i d e  Use on 
- 
Deciduous F r u i t s .  C a l i f o r n i a  excluded.  
21 Acres  t h a t  may b e  t r e a t e d  more t h a n  once. 
- 
Table  3. Apple producers  r e p o r t i n g  t r e e s  k i l l e d  by v o l e  i n j u r y ,  
by r e g i o n ,  1978. 
: Producers  1/ : :Trees k i l l e d  by v o l e  
i n j u r y  11 
:Total  
Region : :Report ing :bear ing age: :Non- 
: T o t a l  : t r e e s  k i l 1 e d : t r e e s  21 :Total:Bearing:bearing 
---------No,-------- ---------------- 1 ooo---------------- 
- 
Northeast  2,816 1,505 8,587 74 30 44 
South 1,444 624 3,017 2 3 5 18 
West 1,811 414 10,010 5 - 31 5 
North 
C e n t r a l  2,766 926 5,729 2 1 11 10 
T o t a l  8,837 3,469 27,343 123 46 77 
11  Pre l imina ry  d a t a  from 1978 ESCS Survey o f  P e s t i c i d e  Use on 
- 
Deciduous F r u i t s .  C a l i f o r n i a  excluded. 
21 The 27.3 m i l l i o n  bea r ing  t r e e s  i s  t h e  t o t a l  f o r  t h e  S t a t e s  
-  
surveyed ( F i g u r e  1 ) .  Th i s  t o t a l  r e p r e s e n t s  92 pe rcen t  of t h e  
bea r ing  t r e e s  i n  t h e  U.S. a s  r epor ted  i n  t h e  1974 Census of 
A g r i c u l t u r e ,  Volume 1 ,  P a r t  51, Table 11. 
31 Less  t h a n  500 t r e e s .  
- 
DISPOSITION OF THE ENDRIN RPAR 
Lawrence S .  Ebner, Esq. 
S e l l e r s ,  Conner & Cuneo 
1575 Eye S t r e e t ,  N . W .  
Washington, D . C . 20005 
and 
Harvey S .  Gold 
Di rec to r  o f  Government Rela t ions  
Ve l s i co l  Chemical Corporat ion 
1015 15 th  S t r e e t ,  N.W. 
Washington, D .C . 20005 
Following a comprehensive three-year  Rebuttable 
Presumption Against R e g i s t r a t i o n  ("WAR") review of 
endr in ,  on J u l y  25, 1979 the  U.S. Environmental Pro tec-  
t i o n  Agency announced i t s  dec i s ion  t o  continue f e d e r a l  
approval  o f  end r in  f o r  c o n t r o l  of  p ine  voles  i n  t he  Eas t  
andmeadow vo le s  i n  t he  West among o t h e r  u ses .  See 44 
Fed. Reg. 43,637-8. The Agency concluded t h a t  wi th  addi-  
t i o n a l  s a f e t y  precaut ions  and procedures,  end r in  can be 
app l i ed  s a f e l y  and e f f e c t i v e l y ,  and t h a t  t he  b e n e f i t s  
of usage outweigh any r i s k s .  The s t r i n g e n t  new sa fe -  
guards being r equ i r ed  by EPA, inc luding  new usage r e -  
s t r i c t i o n s  and d i r e c t i o n s ,  equipment s p e c i f i c a t i o n s ,  and 
warnings t o  female a p p l i c a t o r s ,  a r e  r e p r i n t e d  i n  Appendix 
1. / A s  t h e  manufacturer o f  e n d r i n ,  Ve l s i co l  Chemical 
Corporat ion f u l l y  endorses t h e  Agency's dec i s ion  t o  i m -  
pose these  enhanced measures f o r  prudent  usage of  end r in  
i n  app le  orchards .  
E a r l i e r  phases of the  endr in  RPAR, and EPA's pre-  
l iminary  proposa l  f o r  r e t e n t i o n  of  orchard uses ,  were 
descr ibed  a t  t h e  Thi rd  Eas t e rn  Pine and Meadow Vole 
Symposium, he ld  i n  New P a l t z ,  New York on February 14-15, 
1979. See Proceedings,  pp. 4-7, 15-16. A t  t he  time of  
t h a t  Symposium, the  Agency was i n  t he  process of  r e -  
viewing the  w r i t t e n  comments f i l e d  by f e d e r a l  and s t a t e  
a u t h o r i t i e s ,  Ve l s i co l ,  and use r  and envi ronmenta l i s t  
groups i n  response t o  t he  proposed r egu la to ry  a c t i o n s .  
The f i n a l  de terminat ion  published i n  J u l y ,  1979 took i n t o  
/ Vels i co l  i s  awai t ing  a u t h o r i z a t i o n  from EPA a s  t o  
- 
r e v i s i o n  of  end r in  l a b e l s  i n  accordance wi th  these  
new requi rements .  
account  many o f  t h e  s ta tements  submit ted t o  t h e  Agency,:/ 
and r e f l e c t e d  s e v e r a l  changes t o  t h e  d r a f t  l a b e l l i n g  
which p rev ious ly  had been proposed by EPA. Compare 43 
Fed. Reg. 51,137-38 (Nov. 2, 1978),  copy r e p r i n t e d  a t  
1979 Proceedings,  p .  14 wi th  44 Fed. Reg. 43,637-8, copy 
r e p r i n t e d  i n  Appendix 1. 
The endr in  RPAR was one of  t he  f i r s t  RPAR's t o  be 
conducted. It r ep resen ted  a whole new approach toward 
review of p e s t i c i d e s  r e g i s t e r e d  under t h e  Federal  In-  
s e c t i c i d e ,  Fungicide and Rodenticide Act ("FIFRA") , 7 
U.S.C. 5 136 e t  s eq .  (see 40 Fed. Reg. 28,242; Ju ly  25, 
1975) .  Before t h e  advent  of  RPAR review, t h e  Agency's 
procedure was t o  p l ace  a  suspect  p e s t i c i d e  on t r i a l  be- 
f o r e  an a d m i n i s t r a t i v e  law judge. Evidence on r i s k s  and 
b e n e f i t s . w a s  e l i c i t e d  through d i r e c t  and c ros s  examina- 
t i o n  o f  subpoenaed wi tnes ses .  A s  a  p r a c t i c a l  ma t t e r ,  
t h e r e  were few, i f  any, r egu la to ry  a l t e r n a t i v e s  o t h ~ r  
than  uncondi t ional  c a n c e l l a t i o n  o r  r e t e n t i o n  on an a s  
is" b a s i s .  The RPAR review of endr in ,  however, a f forded  
EPA, i n d u s t r y  and o t h e r  i n t e r e s t e d  p a r t i e s  oppor tuni ty  
t o  work toge the r  i n  a  r e l a t i v e l y  informal ,  non-adversar- 
i a l  atmosphere, and t o  develop new safeguards which 
t i pped  t h e  r i s k l b e n e f i t  balance toward continued r e g i s -  
t r a t i o n .  
/ For example, concern about  c e r t a i n  endangered 
- 
s p e c i e s  which had been prompted e a r l i e r  by the  Fish  
and W i l d l i f e  Serv ice  of t he  U.S. Department of  t he  
I n t e r i o r  was obv ia t ed  when the  Di rec to r  of t h e  Ser- 
v i c e  submit ted t o  EPA a r ev i sed  b i o l o g i c a l  opinion 
which s t a t e d  t h a t  " the  use of  t he  p e s t i c i d e  endr in  
i n  apple  orchards  f o r  c o n t r o l  of  p ine  and western 
meadow vo le s  i s  n o t  l i k e l y  t o  jeopardize  t h e  con- 
t i nued  e x i s t e n c e  o f  t h e  ba ld  eag le ,  American 
pe reg r ine  f a l c o n ,  o r  A r c t i c  peregr ine  f a l con . "  44 
Fed. Reg. 43,643.  
Appendix 1 
3. Cancellation and denial of 
registration of endrin products for use in 
apple orchards in Eastern States to 
control meadow voles. 
Cancellaticn and denial of registration 
of endrin products for I;se in apcle 
orchards in Eastern Stat2s to control the 
pine vole and in :Vestern States to 
control meadow voles unless registrants 
or applicants for registration ;codify :he 
terms or conditions of registration a s  
foilows: 
Modification of :he label of e n k i n  
products for use in apple orchards in 
&stern States to control the pine vole 
and in Western Sta:es to control 
ne2dow vo!es to add the followirg 
.Ceaurrea C!odunp for iemaie VVorkers 
Female applica!ors. mixers and 
{oaders must wear long-sleeved shi-ts 
3r.i long pants made oi a clcsely ?voven 
iahric, jnd rvide-br~rnned hats. Mixers 
and !oaden must also wear rubber or 
;y?ihetic ribber Sccrs and aprons. 
! I'grning to Ferde  I t'orkers 
The L'niied States Environmental 
Protecrion Agency has determined that 
e:ldrin causes bL:h defects in labaratcry 
animals. Zxposure ;o endrln durrig 
g repancy  should be avoided. f e a d e  
workers n v s t  be sure to wear all 
7r~tect ive  clot5icg 2nd use ail ?rotet$ve 
equipment specified or. this label. In 
sasc of accidental spti!s or other 
iinusual exposure, cease work 
kimediately acd ioiiow directions for 
contacr with end*. 
Appi!cc:icn Rcsfrictions 
Do not appty this product within 50 
feet of lakes, ponds or streams. 
Do not apply this product within 50 
lest of areas o m p i e d  by unprotected 
bmana 
Do not appiy when rainfall is 
imminenl 
?.vcedues To Be Followed i f  Fish Kii(s 
uccur 
In case of fish kills. fish most be 
collected promptly znd disposed of by 
buriaL Ponds in which fish kills have 
cjcexred m s t  be posted with signs 
stating: 'Contaminated: No Fishing.- 
Signs must remain for one year after a 
fish kill h a s o c a - d  unless'laboratory 
analysis shows endrin residues in the 
edible portion of f s h  to be less than 09 
partr per million (ppmj. 
Equipment 
Apply by ,mnd q u ~ p r n e n t  only. 
Use a ve~y coarse spray with 
clm7usl pressure necessa~y to 
penetrate pound co\er. Do not apply a s  
. h e  spray. Power alr blas: equipment 
must be modlfied to meet the above 
a3pl:catlon restnctlon. C o ~ s u l t  h e  State 
; i~~- -mends t lo~s  for acceptable 
-net..ods of adapt:>,. equipment. 
~?TL.~J'~Gc~c Use 
.. ~r i l ecessa ry  use of t h ~ s  product can 
Iesd !o resistance In the vole popdahon 
subsequent lack o i  efEcacy. 
3 ; s  pmlnct may be applied to 
s s n b i  the ioilowmg pests ody: 
- 
Eastm United States-PL~ Vole piicmtur 
prnetornm] 
Western United StatehVeadow Voles 
(%licmhu speaerj 
[44  - Fed. Reg. 4 3 , 6 3 7 - 8 ;  J u l y  
Seasonal Forage A v a i l a b i l i t y  i n  Re la t ion  t o  Energy 
Requirements o f  Pine Voles i n  Two Orchard Types 
R. L. Lochmi l ler ,  J. B. Whelan and R. L.  K i r k p a t r i c k  
Department o f  F isher ies  and N i l  d l  i f e  Sciences 
V i r g i n i a  Poly technic  I n s t i t u t e  and S ta te  U n i v e r s i t y  
Blacksburg, VA 24061 
Resul ts  from prev ious work on p ine  vo le  populat ions and h a b i t a t  
i n t e r a c t i o n s  (Cengel e t  a1 . 1978; No f fs inger  1976) suggested t h a t  p ine  
v o l e  populat ions were q u i t e  s e n s i t i v e  t o  seasonal changes i n  the 
q u a n t i t y ,  species composit ion, and n u t r i t i v e  value of a v a i l a b l e  forage. 
Th is  conclus ion was based on decreases i n  both reproduct ive performance 
and phys ica l  c o n d i t i o n  o f  p i n e  voles c o l l e c t e d  from abandoned orchards 
i n  the  f a l l  as compared t o  voles taken from maintained orchards dur ing 
the  same season. U t i l i z i n g  in fo rmat ion  from these inves t iga t ions ,  a  
" fo l l ow-up"  s tudy was designed t o  i n v e s t i g a t e  food a v a i l a b i l i t y  and 
n u t r i e n t  composit ion, food consumption, food d i g e s t i b i l i t y ,  and energy 
requirements o f  p i n e  voles. Results from t h i s  b ioenerget ic  approach t o  
s tudy ing p i n e  vo le  populat ions,  coupled w i t h  d e t a i l e d  knowledge of t h e i r  
popu la t ion  dynamics, should prov ide usefu l  i n fo rmat ion  f o r  i d e n t i f y i n g  
c r i t i c a l  o r  weak p o i n t s  i n  the  ecology o f  populat ions as w e l l  as f o r  
assessing the  e f f e c t s  o f  var ious management o r  c o n t r o l  s t r a t e g i e s  
app l ied  t o  b i o l o g i c a l  (orchard) systems. Data from t h i s  research on 
eco log ica l  energe t i cs  o f  p i n e  vo le  populat ions wi 11 u l t i m a t e l y  be 
inc luded  as p a r t  o f  an o v e r a l l  populat ion energet ics model which w i l l  be 
used f o r  s i m u l a t i n g  both n a t u r a l  and man-induced h a b i t a t  changes and 
p r e d i c t i n g  t h e i r  e f f e c t  on p ine  vo le  populat ions (Coyle & T ip ton,  
unpubl ished). Th is  paper summarizes the major po in ts  obtained from a 
b ioenerge t i c  s tudy conducted dur ing  1978 and 1979 i n  an orchardabandoned 
f o r  9  years and a mainta ined orchard, both loca ted  near D a l e v i l l e ,  
V i r g i n i a .  
F ind ings o f  Studies Conducted 
Net pr imary product ion est imates o f  above ground herbaceous 
f o r  areas beneath apple t r e e  canopies and f o r  areas ou ts ide  canopies 
w i t h i n  both mainta ined and abandoned orchards i n d i c a t e d  t h a t  dur ing  the 
summer, f a l l ,  and w in te r ,  the  maintained orchard had much g rea te r  
herbaceous biomass than the abandoned orchard. 
Dur ing the p e r i o d  from August t o  January, apple drops accumulated 
on the  ground and prov ided an a d d i t i o n a l  food source t o  supplement the 
herbaceous vegetat ion a v a i l a b l e  t o  voles. Dur ing the  w i n t e r  season, 
apples comprised 77 percent  o f  the  t o t a l  biomass a v a i l a b l e  and 79percent  
o f  the  t o t a l  o r  gross energy a v a i l a b l e  i n  the maintained orchard. I n t h e  
abandoned orchard, apples comprised 33 percent  o f  the t o t a l  energy and34 
percent  o f  the t o t a l  biomass. During the w i n t e r  season, apple biomasson 
the ground was s i g n i f i c a n t l y  g rea te r  i n  the  maintained orchard than i n  
the abandoned orchard. Dur ing o ther  seasons, the re  was no d i f f e r e n c e  
between orchards i n  a v a i l a b l e  apple biomass on the ground. 
To determine which forages occur r ing  i n  the orchards were p r e f e r r e d  
by p i n e  voles, a  se r ies  of 9  feeding t r i a l s  were conducted us ing 14 
forages. Food i tems were ranked i n  order  o f  decreased preference, based 
on these choice t e s t s .  Apple f r u i t  was a h i g h l y  preferred food i tem 
among a l l  vo les t e s t e d  and was completely consumed before subs tan t ia l  
amounts of o t h e r  forages being o f f e r e d  t o  voles a t  the  same t ime were 
consumed. Se lec t ion  and consumption o f  the remaining 13 food i tems 
i n d i c a t e d  t h a t  voles were very d ive rse  i n  t h e i r  feeding hab i t s ,  e.g., 
voles consumed t o  some degree a l l  7 f o r b  species tested.  This  diversity 
o f  food h a b i t s  may be impor tant  f o r  easing the t r a n s i t i o n  between 
seasonal food suppl ies.  Also, i n  t h i s  study, fo rbs  were p r e f e r r e d  over 
grasses. The low p a l a t a b i l i t y  o f  matur ing grasses appeared t o  be the 
r e s u l t  o f  h igher  f i b e r  concentrat ions.  I n  maintained apple orchards 
which a r e  mowed c o n t i n u a l l y ,  however, a  g rea te r  supply o f  low f i b e r g r a s s .  
forage becomes a v a i l a b l e  from constant regrowth. 
Forbs were a p r e f e r r e d  forage; however, they c o n s t i t u t e d  on ly  a very 
small  p o r t i o n  o f  the  n e t  pr imary product ion a v a i l a b l e  i n  each orchard. 
Voles appeared t o  be q u i t e  s e l e c t i v e  i n  what they ate.  For example, 
orchard grass was the  most abundant p l a n t  species i n  the  maintained 
orchard b u t  was found t o  be q u i t e  low i n  d i g e s t i b i l i t y  and preference. 
Several o f  t h e  h i g h l y  p r e f e r r e d  p l a n t  species such as c lover ,  dandelion, 
and p l a n t a i n  a re  c h a r a c t e r i s t i c  o f  open f i e l d s  and can be shaded ou t  by 
o t h e r  p l a n t s  which grow more e rec t .  The p r o l i f i c  nature o f  poison 
i v y  was ma in ly  responsib le  f o r  the  n e a r l y  complete e l i m i n a t i o n  o f  these 
p r e f e r r e d  fo rbs  from the  abandoned orchard, whereas mowing operat ions i n  
the  mainta ined h a b i t a t  encouraged t h e  s u r v i v a l  o f  p re fe r red  forages. 
I t  appeared from the q u a n t i t a t i v e  and q u a l i t a t i v e  ana lys is  o f  the  
seasonal pr imary product ion i n  both orchard hab i ta ts ,  t h a t  the  vo le  
popu la t ion  i n  the  abandoned orchard was genera l l y  s u r v i v i n g  i n  a lower  
qual  i t y  h a b i t a t .  The qual i t y  o f  h a b i t a t s  were 1 owest and t h e  d i f fe rences  
between the  2 orchards were g rea tes t  du r ing  the  w i n t e r  season. The 
abundant energy source which was a v a i l a b l e  from apples dur ing  the  f a l l  
season was g r e a t l y  depleted by mid-winter.  This was e s p e c i a l l y  t r u e  
w i t h i n  the  abandoned orchard. 
Using in fo rmat ion  c o l l e c t e d  dur ing  t h i s  study on a v a i l a b l e  pr imary 
p roduc t ion  o f  p r e f e r r e d  herbaceous p lan ts  and apple f r u i t s ,  i n  
con junc t ion  w i t h  data on seasonal d i g e s t i b i l i t y  o f  vo le stomach contents 
determined by the  1 i g n i n - t r a c e r  technique (No f fs inger  1976), the  t o t a l  
amount o f  d i g e s t i b l e  energy a v a i l a b l e  t o  p ine voles i n  the two orchards 
d u r i n g  each season was est imated. I n  the maintained orchard the  lowest 
va lue f o r  t o t a l  d i g e s t i b l e  energy (DE) a v a i l a b l e  occurred dur ing  the  
w i n t e r  season. However, i n  the abandoned orchard the  DE value f o r  
summer was 18 percent  lower than the  w i n t e r  value. Although herbaceous 
p l a n t  product ion was considerably  lower dur ing  w i n t e r  than duringsumner 
i n  the  abandoned orchard, the increased DE value f o r  w i n t e r  was the  
r e s u l t  of a  g rea te r  biomass o f  h igh energy apples a v a i l a b l e  dur ing the 
w i n t e r  season. 
By comparing the  seasonal DE values o f  a v a i l a b l e  forage t o  values 
o f  d i g e s t i b l e  energy requ i red  by a d u l t  male and female voles, an 
est imate o f  the number o f  a d u l t  voles which can be maintained on the 
a v a i l a b l e  d i g e s t i b l e  energy reserves i n  each orchard was made. Data 
r e q u i r e d  f o r  the  c a l c u l a t i o n  o f  seasonal DE requirements f o r  maintenance 
of a d u l t  voles was obta ined by Lochmi l le r  (unpubl ished) dur ing  another 
phase of t h i s  study which u t i l i z e d  standard techniques t o  determine the 
d a i l y  metabol izable energy requirements f o r  maintenance a t  c o n t r o l  l e d  
temperatures which approximated seasonal ambient temperatures. I t  i s  
apparent t h a t  energy a v a i l a b i l i t y  i n  the  abandoned orchard dur ing  a l l  
seasons was considerably  l i m i t e d  i n  comparison t o  t h a t  which was 
a v a i l a b l e  i n  t h e  ma in ta ined  orchard.  The seasonal c a r r y i n g  c a p a c i t y  f o r  
each orchard,  expressed as voles/ha, i n d i c a t e d  t h a t  d u r i n g  summer t h e  
ma in ta ined  o rcha rd  c o u l d  suppor t  16 t imes as many vo les  as t h e  abandoned 
o r c h a r d  and 7 t imes as many d u r i n g  the  w i n t e r .  
MANAGEMENT MODEL FOX PINE VOLES: 
PRELIMINARY REPORT 
John F. Coyle and Alan R. Tipton 
Department of Fisheries and Wildlife Sciences 
Cheatham Hall, V.P.I. & S.U. 
Blacksburg, Virginia 24061 
The use of computer models in scientific research has grown 
by leaps and bounds in the past decade. One of the primary reasons 
for this growth is the increased realization that computers and 
more specifically computer models, can be useful tools in synthe- 
sizing large amounts of information and providing insight into 
problem areas of research and management. 
Numerous books and papers have been written on the justification 
for modeling, the philosophy of modeling, and model development 
and utilization. Recent reviews of small mammal population models 
are given by Conley and Nichols (1978) and Stenseth (1977). 
This paper will not address modeling in general, nor try to rehash 
old arguments about the value of models to science. Rather, it 
will try to outline what role a model can and hopefully will play 
in the major research program currently being conducted for pine 
vole control. 
A computer model, as we refer to it here, is a mathematical 
representation of a biological system, for our purposes a pine 
vole population existing in an apple orchard. The model has been, 
or will be, coded and placed on a computer to facilitate multiple 
simulations of natural demographic processes and population 
respon3es to control procedures. 
Before discussing the development of our model, we need to 
emphasize that there can be two distinct purposes for modeling. 
Modeling can provide insight, further understanding about the 
modeled system, and guide future research. Additionally, the 
modeling effort may provide a finished product, namely the model, 
which because of its predictive powers will be useful as a manage- 
ment tool. These two purposes are certainly not mutually exclusive, 
nor will they necessarily completely overlap. The emphasis on the 
first objective is in the benefits derived in the development of 
the model, while the main utility of the second is in the benefits 
obtained by using the model. 
In our current modeling effort, we will attempt to achieve both 
goals, by synthesizing available information, obtaining a better 
understanding of pine vole populations dynamics, suggesting 
additional research, and, hopefully, developing a model with 
enough predictive capabilities to be useful in prescribing control 
procedures. 
The use of computer models is not new to the field of agri- 
culture where the primary objective has been the control of 
injurious insects. Numerous models have been constructed which 
have proved very useful for management of these pests. Mowery 
et al. (1975) developed a model which predicts the number of lady- 
bird beetles (Stethorus punctum) needed to control the European red 
mite (Panonychus L&&) in apple orchards. This model utilizes 
both chemical and biological control methods to achieve its 
intended goal. DeMichekand Bottrell (1976) describe the use of 
models for cotton insect pest management. 
Pest management modeling has also been applied to birds and 
mammals. Dolbeer et al. (1976) have constructed a demographic 
model of red-winged blackbirds (Agelcius phoeniceus) to determine 
the numerical effect on a population under various control pro- 
cedures. Wiens and Dyer (1975) modeled the bioenergetics of a 
red-winged blackbird population utilizing energy requirements of 
individuals and expanding this estimate to the entire population. 
By knowing the energy needs of the population and the energy 
available in the adjacent fields, they were able to make recommenda- 
tions concerning the type of cultivation practice that would attract 
the birds to specific fields of non-cash crops. 
There are presently two small mammal models being used or 
developed in Europe dealing with agricultural rodent pests 
(Stenseth et al. 1977, Spitz 1978). Both models were designed 
to aid in controlling field voles (Microtus agrestis, M. arvalis), 
a relative of the pine vole. The Spitz model is very simple, 
considering only the number of animals in the population and using 
a projection matrix containing numerical data for the principle 
population parameters of reproduction and mortality. This model 
was developed to forecast potential crop damage and function 
mainly as a management tool. 
The Stenseth model was developed mainly as a research tool to 
synthesize information and improve understanding of the field 
vole's population dynamics. The model was constructed as separate 
submodels, each dealing with essential factors affecting the 
population. These submodels were then combined to form the overall 
population simulation model. During the process of development, 
critical areas for additional research were identified, including 
(1) food acquisition and nutrition, (2) effects of predation, 
(3) habitat utilization, and (4) dispersal. The researchers felt 
these areas need to be studied in more detail before a fully 
comprehensive working model could be developed. 
The model we are currently developing at VPI & SU is similar 
to the Stenseth model in that the overall objective is to synthesize 
available information and guide future research. However, because 
Stenseth's model was developed as part of a much larger and longer 
research effort, generating a substantially larger data base, we 
will be forced to draw more heavily on information from the 
literature (perhaps on similar microtine species) and from personal 
communication with other researchers for our data base. Consequently, 
some parts of our model will be much simpler because adequate data 
does not exist at the present time. For this reason the model will 
be developed in submodel form to further facilitate adding additional 
information as it becomes available. 
The central hypothesis for this model is that the major features 
of the pine vole population dynamics can be explained by analyzing 
the nutritional balance of individuals in the population. Thus, 
the model is based on energy requirements and acquisition of 
individual animals and the energy available to the animal in the 
environment. Because there is substantial information on the 
bioenergetics of pine voles (Lochmiller unpubl.), we decided to 
develop our model using a bioenergetic framework. 
As we envision it, the pine vole management system will 
contain four subsystems. The biological subsystem will describe 
energy acquisition, and reproductive and survival characteristics 
of individual pine voles. The spatial distribution subsystem 
will incorporate such ecological parameters as home range size and 
shape, dispersal, and territoriality. The control and economic 
subsystems will incorporate the effects of various control pro- 
cedures and the cost and benefits of those procedures. Development 
of the biological subsystem will be the major goal for the present 
modeling effort, with the other three subsystems being developed 
as time, additional data and money permit. 
A major problem in evaluating or testing models is that the 
model is frequently compared or tested with the same data used to 
develop the model. This problem has hopefully been avoided in the 
present study, since the model is bedng constructed using previously 
collected information or information available in the literature 
and will be tested against population data currently being collected 
in two orchards as a companion study to the modeling effort. 
The biological subsystem is currently being developed. The 
processes of energy availability, energy acquisition, and growth 
have been completed. Because of the problems with accurately aging 
pine voles, it was decided to separate the population into several 
energetic stages, or classes. Each stage will contain individuals 
whose daily energy requirements are unique to that stage. The male 
portion of the population will be separated into three stages: (1) 
sucklings, (2) juveniles, and (3) adults; the female portion will 
be separated into six stages: (1) sucklings, (2) juveniles, (3) non- 
reproductive adults, (4) pregnant adults, (5) lactating adults, and 
( 6 )  pregnant and lactating adults. A separate class will be main- 
tained for each sex for those animals that have died as a result 
of control practices. This category can then be used in determining 
the effectiveness of control procedures. 
Because this model is based on the nutritional balance of 
individuals, it was necessary to determine some variable (or vari- 
ables) that could be measured in living animals and accurately 
access the animal's current energy state (how well the animal 
relates to its present environment). Body fat was chosen as the 
index, since the amount of fat is a direct reflection of an indi- 
vidual's energetic condition. If the body fat content is low, it 
can be assumed that the animal is in an energetically stressful 
situation. This stress can then be manifested in the model as 
changes in biological characteristics for the individuals, namely 
reproduction, growth and survival. Data have already been gathered 
regarding deposition and utilization of fat, and demographic changes 
due to an energetic stress in pine voles (Lochmiller unpubl., 
Merson 1979). 
The biological subsystem will be completed by September 1980. 
The capabilities of this submodel will be to predict sex- and 
cohort-specific population dynamics given adequate informatiog 
about the population's environment. By knowing the status of the 
population, i.e. numbers, age distribution, mean body condition, 
and available energy at some point in time, it will be possible 
to predict the population status at some future time. After 
obtaining information regarding possible control measures and 
developing the control submodel, the model hopefully will be able 
to forecast the effectiveness, in terms of population status, of a 
control practice. 
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ACCESS OF COMPOUNDS TO THE VOMERONASAL ORGAN IN PINE AND MEADOW VOLES 
Char les  J .  Wysocki, Gary K. Beauchamp and Susan Erisman. Monel l  
Chemical Senses Center,  3500 Market S t r e e t ,  P h i l a d e l p h i a ,  
Pennsy lvan ia  19104 
Neuroendocr ine responses p l a y  a c r i t i c a l  r o l e  i n  rep roduc t i on  i n  
every  mammal i a n  spec ies ,  i n c l u d i n g  vo les  (Richmond & Stehn, 1976).  
D i s r u p t i o n  o f  t hese  normal responses can r e s u l t  i n :  ( I )  abnormal 
sexual m a t u r a t i o n ;  ( 2 )  abnormal o r  absent female c y c l e s ;  (3)  
pseudopregnancy; (4)  b locked  pregnancies; o r  (5 )  t h e  t o t a l  absence o f  
c o u r t s h i p  and mat ing.  Each o f  these f a c t o r s  i n  t u r n  p lays  a 
c o n s i d e r a b l e  r o l e  i n  p o p u l a t i o n  dynamics, e s p e c i a l l y  p o p u l a t i o n  
d e n s i t y .  The re fo re ,  mechanisms which d i s r u p t  normal neuroendocr ine 
f u n c t i o n  c o u l d  a f f e c t  p o p u l a t i o n  dynamics and reduce p o p u l a t i o n  densi ty 
by a f f e c t i n g  changes i n  one o r  many o f  these r e p r o d u c t i v e  processes. 
Each o f  t h e  above neuroendocr ine responses can be e l i c i t e d  o r  a r e  
modulated by c o n s p e c i f i c  odors,  w i t h  u r i n e  o r  s p e c i a l i z e d  scent  glands 
be ing  e x c e l l e n t  odo r  sources i n  many spec ies .  However, work f rom a 
number o f  l a b o r a t o r i e s  has suggested t h a t  a t  l e a s t  some o f  t h e  
compounds which e l i c i t  hormonal changes a r e  l a r g e  and/or have low 
v o l a t i l i t y  (MUI ler-Schwarze and S i  l v e r s t e i n ,  i n  p r e s s ) .  These r e s u l t s  
c a l l  i n t o  q u e s t i o n  t h e  assumption t h a t  o l f a c t i o n  as i s  t r a d i t i o n a l l y  
v iewed ( I  imi  t e d  t o  t h e  f i r s t  c r a n i a l  nerves) serves as the  pr imary  
r e c e p t o r  mechanism f o r  t h e  compounds i n  ques t i on .  Ins tead,  t h e  
vomeronasal o rgan  may be  t h e  p r imary  r e c e p t o r  modula t ing hormonal 
responses ( ~ o h n s ,  i n press;  Wysocki , 1979) . Th i s recep to r  o rgan  has 
neuroanatomical  connect ions w i t h  c e n t r a l  nervous system s t r u c t u r e s  
which e x e r t  cons ide rab le  i n f l u e n c e  upon neuroendocr ine mechanisms. 
Indeed, recen t  r e s u l t s  have demonstrated invo lvment  o f  t h e  vomeronasal 
organ i n :  (a)  female c y c l i c i t y  ( ~ o h n s ,  i n  ~ r e s s ) ;  (b) odo r  induced 
o v u l a t i o n  ( I n g e r s o l  6 Lee, 1979) ; and ( c )  pregnancy b l o c k  (Reynolds & 
Keverne, 1979). 
Resu l t s  f rom o u r  l a b o r a t o r y  have demonstrated t h a t ,  u n l i k e  t h e  
o l f a c t o r y  system, t h e  vomeronasal organ (a t u b u l a r  s t r u c t u r e  l oca ted  
near  t he  e x t e r n a l  nares)  i s  n o t  l imi  t e d  t o  h i g h l y  o r  moderately 
v o l a t i l e  compounds (wysocki  e t  a l . ,  1980). I n v e s t i g a t i o n  o f  
c o n s p e c i f i c  u r i n e  by guinea p i g s  r e s u l t s  i n  t h e  t r a n s p o r t  o f  t h e  u r i n e  
i n  l i q u i d  form t o  w i t h i n  t h e  vomeronasal organ.  Thus, l a r g e  and/or 
"nonvol a t  i l e" compounds read i  l y reach t h e  chemoreceptors i n  t h e  
vomeronasal organ, thereby p r o v i d i n g  the  p re requ i  s i t e  f o r  c h e w -  
recep t i on ;  s t i m u l u s  - r e c e p t o r  con tac t .  
W i th  t h i s  as backgroand, we specu la ted t h a t  s i m i l a r  mechanisms 
e x i s t  f o r  p i n e  and meadow vo les ,  v i z . , :  (a) low- o r  n o n v o l a t i l e  
compounds have access t o  t h e  vomeronasal organ;  and (b) t h e  vomeronasal 
organ i s  i n v o l v e d  i n  neuroendocr ine events .  I f  t r u e ,  d i s t r u c t i o n  o r  
d i s r u p t i o n  o f  normal vomeronasal organ f u n c t i o n  cou ld  reduce v o l e  
p o p u l a t i o n s  th rough  i t s  i n f l u e n c e  upon t h e  reproduct  ive /endocr i  ne 
system. T h i s  r e p o r t  desc r ibes  o u r  s t u d i e s  o f :  (a) above; behav io ra l  
s i t u a t i o n s  i n  wh ich  "nonvo la t i  l es "  have access t o  t h e  vomeronasal 
organ. 
To a e we have x l o r e d  a 
con- ang k e t e r o s p e c i ? l  E u r l  ne, i v e s t i  Re ask%ltion 
whether l a r g e  and/or "nonvo la t  i l e "  molecules reach the  vomeronasal 
c h e m r e c e p t o r s  d u r i n g  these behav io rs .  Our methodology was s t r a i g h t -  
f o rward  and s im i  l a r  i n  a l  l s i t u a t i o n s .  A f lu rochrome,  rhodamine B,  
wh ich i s  cons idered t o  be a  n o n v o l a t i l e  dye, was p laced i n  a  s t i m u l u s  
p r i o r  t o  i t s  p r e s e n t a t i o n  t o  a  vo le .  For  s t u d y i n g  the  i n v e s t i g a t i o n  
o f  a  s o c i a l l y  r e l e v a n t  s t imu lus ,  a  smal l  q u a n t i t y  o f  v o l e  u r i n e  was 
mixed w i t h  rhodamine (1% i n  dH20) on a c o t t o n  swab and g i v e n  t o  t h e  
v o l e  f o r  6 min. For  s t u d y i n g  grooming, ca rboxymethy l ce l l u lose  was 
mixed w i t h  t h e  dye (0.01% o r  0.1%) and a p p l i e d  t o  the  animal I s  f u r .  
The v o l e  was g i v e n  5-6 min t o  groom. For  s t u d y i n g  feed ing,  p ieces o f  
app le  were soaked i n  0.1% rhodamine and g i v e n  t o  hungry vo les  t h a t  
were a l l owed  6 min t o  i n g e s t  t h e  app ie .  I n  a l l  c o n t r o l  s i t u a t i o n s ,  
t h e  s t i m u l  us was e i  t h e r  n o t  presented o r  presented wi t hou t  rhodami ne. 
A t  t he  end o f  t h e  t e s t  each v o l e  was k i l l e d  and t h e  vomeronasal 
organs were c a r e f u l l y  d i ssec ted  f r e e ,  f rozen ,  sect ioned,  mounted on 
g lass  s l i d e s  and viewed w i t h  ep i  f l uo rescence  microscopy. The r e s u l t s  
o f  these obse rva t i ons  a r e  presented i n  F i g u r e  1.  
A f t e r  i n v e s t i g a t i n g  u r i n e  f rom e i t h e r  female p i n e  o r  meadow v o l e s ,  
80-90% o f  male p i n e  vo les  e x h i b i t e d  rhodamine f l uo rescence  i n  t h e i r  
vomeronasal organs ( F i g .  I ) .  From t h i s  we conclude t h a t  d u r i n g  t h e  
i n v e s t i g a t i o n  o f  u r i n e  n o n v o l a t i l e  compounds found w i t h i n  female u r i n e  
reach t h e  vomeronasal organ, even i f  t h e  u r i n e  donor i s  n o t  o f  t h e  
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F i g u r e  1. Percent  o f  p i n e  vo les  (P.v.) and meadow vo les  (m.v.1 
e x h i b i t i n g  rhodamine f l uo rescence  i n  t h e i r  vomeronasal organs a f t e r  
exposure t o  dyed u r i n e  (u) ,  grooming, o r  e a t i n g  o f  dyed apple. 
same spec ies .  Whether o r  n o t  s t i m u l a t i o n  o f  t h e  organ occurs  i s  n o t  
y e t  known. The impor tan t  p o i n t  however, i s  t h e  d e m n s t r a t i o n  o f  
access o f  n o n v o l a t i l e s  i n  u r i n e  t o  t h e  vomeronasal organ. 
A f t e r  grooming, dye s p e c i f i c  f l uo rescence  was found i n  t h e  
vomeronasal organs o f  2/3 o f  t h e  male p i n e  v o l e s  and a l l  o f  t h e  male 
meadow v o l e s  (F ig .  I ) .  The apparent spec ies  d i f f e r e n c e  may be due t o  
procedura l  d i f f e r e n c e s  i n  t e s t i n g .  A l l  o f  t h e  meadow vo les  b u t  o n l y  
h a l f  o f  t h e  p i n e  v o l e s  were smeared wi t h  0.1% rhodamine. The 
remain ing p i n e  vo les  rece i ved  a l e s s  concent ra ted spread o f  rhodamine 
(0.01%). A l l  o f  t h e  vo les  t h a t  lacked rhodamine f l uo rescence  i n  
t h e i r  vomeronasal organs were f rom t h i s  l a t t e r  group. Regardless, t h e  
r e s u l t s  demonst ra te  t h a t  n o n v o l a t i l e  compounds reach the  vomeronasal 
organ d u r i n g  grooming. 
A f t e r  e a t i n g  an  app le  t h a t  had been a d u l t e r a t e d  w i t h  the  dye, 
each o f  t h e  4 female and 3 o f  t h e  4 male meadow vo les  were found t o  
have dye s p e c i f i c  f l uo rescence  i n  t h e i r  vomeronasal organs ( F i g .  1 ) .  
The re fo re ,  n o n v o l a t i l e  compounds do reach the  vomeronasal organ 
d u r i n g  feed ing .  For  a1 l behav io ra l  s i t u a t i o n s  no rhodamine 
f l uo rescence  was de tec ted  i n  any o f  t h e  c o n t r o l  sub jec ts  ( F i g .  1 ) .  
I f ,  as i n  r a t s  and mice, t h e  vomeronasal system i s  c r i t i c a l  f o r  
normal f u n c t i o n  o f  t h e  neuroendocr ine system, then d i s r u p t i o n  o f  t h e  
vomeronasal organs i n  v o l e s  c o u l d  reduce p o p u l a t i o n  l e v e l s .  Our 
r e s u l t s  demonstrate t h a t  n o n v o l a t i l e  compounds e n t e r  t h e  vomeronasal 
o rgan  d u r i n g  a v a r i e t y  o f  behav io ra l  s i t u a t i o n s .  Thus, a mechanism 
e x i s t s  by  which compounds s p e c i f i c i a l l y  designed t o  d i s r u p t  chemo- 
r e c e p t i o n  c o u l d  be  t a r g e t e d  t o  t h e  vomeronasal organ. For  example, 
substances c o u l d  be p laced i n  " b a i t  s t a t i o n s "  designed t o  app ly  t h e  
substance t o  t h e  vo les  f u r .  Subsequent grooming would r e s u l t  i n  t he  
t r a n s p o r t  o f  t h e  substance t o  t h e  vomeronasal organ. Another method 
cou ld  r e l y  upon feed ing .  A t h i r d  approach might  take advantage o f  
u r i n e  i n v e s t i g a t i o n .  
The tasks  remain t o  d e m n s t r a t e  t h e  impor t  o f  t he  vomeronasal 
o rgan  t o  p i n e  and meadow v o l e  rep roduc t i on  and t o  develop vomeronasal 
o rgan  - d i s r u p t i v e  substances wh ich  can be  s e l f  admin is tered.  
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INDUCTION OF ABORTION BY STRANGE MALES IN PINE VOLE FEMALES 
THAT ARE:l)TEN DAYS PREGNANT OR ZIPREGNANT AND LACTATING 
Margaret H. Schadler and Barbara J. Gauger 
Union College 
Schenectady, N.Y. 12308 
Pregnant voles react to the presence of unfamiliar 
males by aborting the offspring they are carrying, entering 
estrus and mating with these new males. This phenomenon 
m.a~ first described in pine voles by Marks and Schadler 
(1979). At that time we reported that -84% of females that 
were four days along in their first pregrancy were induced 
by strange males to reject their embryos. These findings 
encouraged us to continue our investigations and this paper 
reports results on the abortion response caused by strange 
males in females ten days along in their first pregnancy 
(Experiment I) and on experienced pine vole mothers that 
are pregnant and are at the same time nursing a litter 
(Experiment I I) . 
EXPERIMENTAL METHODS 
In Experiment I, virgin females were placed in a cage 
with stud males. They were examined daily for the presence 
of sperm in smears taken from their vaginas as an indica- 
tion that mating had occurred. Mated females were assigned 
to either a control group or an experimental group. Con- 
trols (N=24) were left in the cage with the stud male 
throughout the 24 day gestation period. Experimental 
females (N=20) were removed from the stud male and placed 
in a cage with a strange male after ten days of pregnancy. 
Abortion was assumed to have occurred in those females 
that delivered young 24 or more days after mating with the 
strange male which was more than 36 days after mating with 
the stud male. 
Expeqiment I1 females were pregnant and lactating. 
They were all experienced mothers that had previously been 
successfuL in rearing one or more litters. These females 
were caged with their stud males prior to the onset of the 
experiment. On the day of the birth of their young, fe- 
males were assigned to a control or an experimental group. 
In the controls (EF26) the stud male that was caged with 
the female remained in the cage throughout the experiment. 
In the experimental group (N142) the stud male was removed 
and replaced by a strange male on Day 2 of the post partum 
period. A second strange male replaced the first on Day 6 
and a third replaced the second on Day 10. Otherwise 
both groups were handled in an identical manner. 
In Experiment 11, the timing of the birth of litters 
sired by stud males or by strange males again served as the 
criterion of abortion. Timing of the births of litters of 
experimental animals was compared with that of the controls 
for Experiment I1 and with data collected from the normal 
breeding colony. In all cases data was collected only on 
those females that had litters within 50 days post-partum. 
RESULTS A s  DISCUSSION 
Results of Experiment I (Table 1) showed that 95% (18 
out of 19) of the controls that delivered young had them 
24-26 days after mating with the stud male. Five control 
animals (21%) and 4 experimentals (20%) delivered no young 
despite the fact that sperm was seen in the vaginal smear 
indicating they had mated. Past experience has indicated 
that virgin pine voles have only about an 80% inci- 
dence of successful matings, One control animal gave birth 
40 days after mating with the stud male. She may have 
aborted spontaneously and remated or she may have missed 
conceiving with the original mating and subsequently had a 
successful mating. 
Table 1. Abortion induced by strange males in inexperi- 
- enced females that are ten days pregnant. 
GROUP NUMBER NUMBER NUMBER NUMBER 
FEMALES FEMALES FEMALES 
DELIVERING DELIVERING DELIVERING 
YOUNG 24-26 DAYS 36 PLUS 
AFTER DAYS AFTER 
STUD MALE STUD MALE 
MATING MATING 
Control 24 19 18 1 * 
Experi- 
mental 20 16 4 12 
"See text for explanation 
Four of the experimental animals that delivered young 
(25%) had them 24-26 days after mating with the stud male. 
The remaining 12 (75%) qave birth 24 or mre &:IS after 
mating with the strange male which was 36 or more days 
after they had mated with the stud male. In addition to 
the births of their litters sired by strange males these 
females also showed other signs of abortion. These were 
the presence of a thick, bloody discharge from the vagina 
two or three days after the females were placed with 
strange males and/or sperm from the strange male mating in 
the vaginal smear. 
Females in Experiment I1 also showed a high incidence 
of abortion (Table 2). Based on data from the breeding 
colony, 87% of females housed with males can be expected 
to conceive 1-3 days post partum, 4% during 4-21 days post- 
partum and 7% more than 21 days. Controls for Experiment 
I1 were, because of the nature of the experiment, handled 
more than the normal breeding colony. They had a somewhat 
lower incidence of conception immediately following par- 
turition. Seventy seven percent of these animals conceived 
1-3 days tpostpartunL1.5% on 4-21 days post partunand 11.5% 
after 21 days. In the experimental group, however, only 
31% delivered young conceived 1-3 days post partum while 
62% had young conceived on days 4-21 when they were caged 
with strange males. Seven percent conceived after 21 days 
(Table 2). 
Table 2. Abortion induced by strange males in experienced, 
pregnant females that are nursing a litter. 
GROUP NUMBER PERCENT PERCENT PERCENT 
FEMALES FEMALES FEMALES 
CONCEIVING CONCEIVING CONCEIVING 
1-3 DAYS 4-21 DAYS AFTER 21 DAYS 
POST- POST- POST- 
PARTUM PARTUM PARTUM 
Breeding 132 8 7 4 7 
colony 
Controls 2 6 7 7 11.5 11.5 
Experi- 
mental~ 42 31 6 2 7 
The induction of abortion in pine voles by strange 
males is dramatic. Not only do females in the early 
(possibly pre-implantation) stages of pregnancy lose their 
embryos but those in the later stages also abort. This 
occurs regardless of whether the females are pregnant with 
their first litters or if they are experienced mothers that 
are pregnant and nursing a litter at the same time. 
The results of Experiment I were not unexpected. Loss 
of pregnancy in females that are in the later stages of 
pregnancy has been reported for other voles by Stehn and 
Richmond (1975). 
Results of Experiment I1 were, however, a surprise. 
Several authors have reported that lactation and/or the 
presence of circulating prolactin (the pituitary hormone 
that stimulates lactation) effectively block the abortion 
response. Lactation may have had some inhibitory effect. 
Thirty one percent of the experimental animals did deliver 
young sired by the Stud male. But when this is compared 
with the 77% delivery in control animals and 87% in the 
normal breeding colony, it is clear that the inhibition was 
minimal. Abortion and remating occurred in 62% of the 
experimental animals that delivefedyoung conceived on post 
partum days 4-21. They were housed with strange males 
during that time and could only have delivered young sired 
by these strange males. 
The abortion response induced by strange males in 
inexperienced pine voles confirms reports previously pub- 
lished. We believe, however, that this paper constitutes 
the first report of an abortion response induced by unfami- 
liar males in experienced pregnant and lactating voles. 
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Initial Results of Chemical Inhibitors and Photoperiodic Influences 
on Growth and Reproduction in Microtus pennsylvanicus 
Jack A. Cranford, David H. Pistole 
and Terry L. Derting 
Biology Department 
Virginia Polytechnic Institute and State University 
Blacksburg, Va. 24061 
Recently Berger et al. (1977) have demonstrated reproductive in- 
hibition in Microtus montanus as a result of specific plant compounds 
in natural vegetation. Naturally occurring cinnamic acids and their 
related vinyl phenols have been demonstrated to have marked effects on 
uterine weight, inhibition of follicular development and cessation of 
breeding activity. Compounds having antigonadotrophic and antithryo- 
tropic activities have been identified in a wide variety of plants 
(Chury 1967 ) .  Bickoff et al. (1959) report that alfalfa contained a 
non-estrogenic compound which would over ride the estrogenic effect of 
the plant estrogen coumestrol. Adler (1962) demonstrated that a non- 
estrogenic compound in alfalfa could inhibit estrogenic responses of 
natural animal estrogens. Allison and Kitts (1964) extracted yellow 
pine needles and demonstrated that they contained a factor which would 
depress the uterine weight of immature weanling mice thereby delaying 
sexual maturation. ~therinvestigdtors have reported similar findings 
but all failed to identity the compounds producing the effect. Gasser 
et al. (1963) isolated an inhibitory substance named lithospermic acid 
--
and other investigators have demonstrated it deactivates pituitary 
gonadotrophins in vitro. 
Berger et al. (1977) report the effect of four plant compounds on 
uterine weight, follicle development, and breeding performance on Micro- 
tus montanus. The plant compounds utilized were extracted from winter 
wheat sprouted to 1 0  cm, homogenized and subjected to steam-ether ex- 
traction for 7 days. Three fractions extrated were analyzed by gas 
chromatography and subsequently tested on young Microtus montanus. One 
fraction when biologically assayed demonstrated an inhibition of uterine 
development. Further chemical extraction of this sample resulted in its 
characterization by nuclear magnetic resonance as containing a vinyl 
group and disubstituted phenol. Subsequent testing of 4 vinyl guaiacol 
by bioassay, gas chromatography and NMR analysis showed it to be 
identical in its chemical properties and biological activity to the 
plant compound. The parent compounds in the plant, PCA (Para coumaric 
acid) and FA (Ferulic acid), are found in low concentrations in young 
growing vegetation, but increase to 4 mg/gm as a plant reaches senes- 
cence. Although both PCA and FA are effective in depressing uterine 
weight their decarboxylated vinyl phenols (4 VG and 4 VP) are much 
more effective. 
The compounds 4 VG and 4 VP when administered for 7 days on 
ground lab chow at 1 mg/gm significantly reduced uterine development 
in young Microtus montanus and hence delayed sexual maturity. The 
parent compounds (PCA and FA) after 12-14 days of treatment caused a 
significant reduction of uterine development. Examination of the 
ovaries of the 4 VG group showed significant reduction in the number 
of secondary uterine follicles. When tested on breeding adults over a 
100 day period the chemical treatment resulted in a reduction of the 
number of litters born, number of young per litter and in the number 
of females still breeding at the end of the test period, When 4 VG 
was tested on male Microtus montanus by intraperitoneal injections at 
1 mglday for 3 days, a ~ignificant reduction in serum testosterone 
occurred. These data are suggestive that 4 VG also affects the male 
reproductive system ih a way similar to its effects on females. 
Negus et al. (19?7) has demonstrated the existence of a plant 
compound called "stimulator" (now identified pers. comrn. N. C. Negus) 
which when tested in a previously non-breeding population o f L  
montanus caused a resumption of breeding activity. They have also 
demonstrated that following seasonal drought breeding resumes within 3 
to 5 days following the resumption of active plant growth. They con- 
clude that the cessation of reproduction in Microtus montanus popula- 
tions is associated closely with the build up of inhibitory compounds 
in food plants in the absence of stimulatory compounds. They have 
demonstrated that in populations where reproduction has ceased, under 
non-stimulatory photo-periodic conditions, reproduction can be ini- 
tiated by the addition of the stimulatory compound to the environment. 
Cengel et al. (1978) monitored reproduction of Microtus pinetorum 
in abandoned and maintained orchards. They demonstrated differences in 
reproduction and related these to quality of food and fat deposition. 
One of the differences in food types between the two habitats was the 
abundance of grass which was kept in an active growth stage in the 
maintained orchard. These results could indicate a possible role of 
plant stimulatory and plant inhibitory compounds on reproduction in 
the pine vole. La Voie and Tietjen (1978) indicated that the role of 
grass in orchard environments and the effects of temperature and photo- 
period on activity patterns and reproduction need additional investiga- 
tions. This laboratory is currently investigating these parameters 
on both problem voles (M. pennsylvanicus, M. pinetorum). 
Methods and Procedures 
The data to date on reprodvctive inhibition in microtine rodents 
has been limited to maturation of subadults and reproductive potential 
of adults. This laboratory is currently testing the effect of in- 
hibitory substances on reproduction in M_. pennsylvanicus and has in- 
itiated testing of plant stimulatory compounds. Animals utilized in 
laboratory experiments were derived from continously outbred laboratory 
populations established in 1978 at Virginia Polytechnic Institute and 
State University. The test chemicals PCA and FA were obtained from 
Aldrich Chemical Corporation as their structure has been verified to 
be the same as those extracted from common orchard grass. The stimu- 
lator fraction has been produced from an acetone-ether extraction from 
sprouted oats grown in a sterile medium (TA 240C, LD 16:8) in order to 
insure a constant supply and a constant quality. 
The bioassay for effects on sexual maturation followed those of 
Berger-et al., (1977) who determined that wet uterine weight and histo- 
logical examination of follicle types were the best assay measures of 
chemical effects on reproduction. Total food consumption, body weight, 
adrenal weight and total body fat were assayed to determine the chem- 
ical effects on the general condition of the test animals. 
Animals to be tested are selected at random at 18 days of age and 
at approximately equal weights, and are caged as individuals for the 
entire test period (14 or 21 days). The test chemicals are disolved 
in methanol and then coated on to ground laboratory animal chow, 
control diets are treated in the same way and the two diets are then 
air dryed for 24 hours. 
The effect of photoperiod on reproductive maturity and growth are 
currently under experimental testing for both M. pennsylvanicus and 
M. pinetorum. Growth rates of young M. pennsylvanicus under LD 13:6, 
LD 6:18, and natural photoperiod were determined by weighing and 
measuring individuals every 1 to 3 days for up to 10 weeks. Radio- 
immunoassay for T-4 levels in young raised under LD 18:6 and LD 6:18 
were determined using a standard T-4 kit to assess photoperiodic 
effects on metabolism. 
Results and Discussion 
The effect of PCA and FA administered at doses of 4, 8, and 12 
mglgm &F chow per day for 14 days showed a trend toward a significant 
difference in uterine weight at the end of the test period. Tests at 
12 mg/gm of chow over a 21 day test period gave a highly significant 
(P= .02) difference in uterine weight. Further tests at 4 and 8 
mg/gm of chow over 21 day test periods are currently under way. In 
all tests there were no significant differences between control and 
experimental groups in fat deposition, food consumption and body 
weight. In the 21 day test at 12 mglgm of chow the adrenals of the 
experimental groups were larger 12.7 + 2.9 mg than the control adrenal 
weights which were 10.6 + 1.9 mg net weight. As these groups were 
under a photoperiodic regime which stimulates constant reproduction 
this difference is most probably due to an adrenal response to the 
chemical inhibition of reproductive activity. Histological examina- 
tion of the ovaries and adrenals will provide additional data on 
tissue responses to the test chemicals. Maturation of secondary 
follicles ceased in the ovaries of M. montanus which results in a 
cessation of reproduction due to the chemical treatment. When the 
ovaries of all test groups are examined their overall response to the 
various test chemicals will produce a clear picture of the effects of 
the experimcntal diets in M. pennsylvanicus. The long photoperiod 
tests were utilized as maximum growth and breeding is achieved under 
these conditions, though other photoperiod lengths are being studied. 
Growth of M. pennsylvanicus under long and short photoperiods 
(LD 18:6 and LD 6:18) differs significantly. Young raised from birth 
to weaning on the short photoperiod are 3 grams lighter at weaning. 
After weaning both long and short photoperiod groups grow at the same 
rate but the short photoperiod group remains significantly smaller at 
the end of the 30 day test period. In order to determine the effects 
of natural photoperiod on growth and development 3 cohorts (15 indivi- 
duals in each) born in June, July, and September were placed under 
natural photoperiodic and temperature conditions in October and mon- 
itored through January. Individuals born in June and July reached 
adult size and weight (;=58gms) by October and lost weight (;=5oFms) 
until the winter solstice under the effect of the decreasing photo- 
period. The September-born cohort gained weight under the decreasing 
photoperiodic regime reaching the same size and weight as the June and 
July cohorts at the Winter solstice. All cohorts are now gaining 
weight under incresing photoperiodic conditions. 
Four groups containing 10 subadults each (x weight=48 gms) were 
set up as pairs under photoperiods of LD 18:6 or LD 6:18 for 10 weeks 
after which one of each pair was switched to the opposite photoperiod. 
Subadults under LD 18:6 reached adult size and weight (;=58 gms) 
within 16 weeks while those under LD 6: 18 lost weight (G=4zgms) during 
this period. At the time of switching the groups there was no 
significant differences from the control pairs but after 6 weeks on the 
opposite photoperiod such differences were apparent. M. pennsylvanicus 
adults and subadults lost weight under the short photoperiodic con- 
ditions and gained weight under the long photoperiod. Radioimmunoassay 
of T4 levels show significantly reduced levels in adult animals 
under short photoperiodic conditions. 
Most of the data developed on M. pennsylvanicus to date 
characterizes the general response of the animal to its environment. 
The incorporation of chemical stimulators and inhibitors in this 
environment alters these general responses to synchronize important 
events like reproduction, fat deposition and altered metabolism. 
The aim of this research is twofold: 1) to understand biologically 
how these compounds affect both problem vole species and 2) to 
reduce the availability of stimulator compounds while augmenting 
inhibitor substances to cause a reduction or cessation of reproduction. 
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MOVEMENT TYPES AND WEATHER CORRELATES IN FREE-RANGING MEADOW VOLES 
Dale M. Madison 
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ABSTRACT: Meadow vo les  (M ic ro tus  pennsy lvan icus)  were r a d i o t r a c k e d  
i n  t h e i r  n a t u r a l  env i  ronment f rom June through August 1974, 1975 and 
1978. Four d i f f e r e n t  types o f  movement were observed: res idency,  
s h i f t i n g ,  wandering a n d ' d i s p e r s a l .  Next t o  t h e  res idency p a t t e r n ,  
wandering was t h e  most common form o f  movement and probably  was 
impor tan t  d u r i n g  b reed ing  a c t i v i t i e s .  D i spe rsa l  was a  r a r e  event  and 
i s  p robab ly  confused w i t h  wandering i n  t h e  e x i s t i n g  l i t e r a t u r e .  
A t o t a l  o f  17 weather v a r i a b l e s  were analyzed f o r  c o r r e l a t i o n s  
w i t h  v o l e  movement. Male v o l e s  showed a d i s t i n c t  tendency t o  move 
more w i d e l y  d u r i n g  p e r i o d s  o f  d r y  weather.  The l a t t e r  was a t t r i b u t e d  
t o  t h e  n e g a t i v e  e f f e c t s  o f  d r y  weather on t h e  a b i l i t y  o f  male vo les  t o  
d e t e c t  t he  odors  o f  male compe t i t o rs .  Thus male vo les  were l e s s  
i n h i b i t e d  i n  t h e i r  search f o r  r e c e p t i v e  females d u r i n g  d r y  weather.  
Female v o l e s  showed no major  change i n  movement w i t h  d i f f e r e n t  weather 
c o n d i t i o n s .  
Cons iderab le  i n s i g h t  about p o p u l a t i o n  c o n t r o l  and r e g u l a t i o n  i n  
roden ts  can be ob ta ined  by c l o s e  examinat ion o f  t h e  movements and 
behav io r  o f  i n d i v i d u a l  roden ts  i n  t h e  f i e l d ,  e s p e c i a l l y  t h e  movements 
t h a t  occur  i n  response t o  changes i n  t h e  environment.  The usefu lness 
o f  t h i s  d i r e c t  i n f o r m a t i o n  s a t i s f i e s  bo th  a p p l i e d  and b a s i c  research 
needs. An ongoing s e r i e s  o f  s t u d i e s  on meadow vo les  has a t tempted t o  
q u a n t i f y  and account f o r  d i f f e r e n t  p a t t e r n s  o f  movement (Madison, 1978a, 
b, 1979, 1980a,b); b u t  t o  date ,  t h e  types o f  movement and t h e  e f f e c t  
o f  weather v a r i a b l e s  on movement have n o t  been descr ibed.  These t o p i c s  
a r e  t h e  s u b j e c t  o f  t h i s  paper. 
METHODS 
D e t a i l s  o f  t h e  s tudy p o p u l a t i o n s  and r a d i o t e l e m e t r y  methods can 
be ob ta ined  elsewhere (Madison, 1979). B r i e f l y ,  m i n i a t u r e  r a d i o -  
t r a n s m i t t e r  c o l  l a r s  w i t h  separate  f requenc ies  were a t tached  t o  f r e e -  
rang ing  meadow vo les  we igh ing  20 g  o r  more. Three d i f f e r e n t  popu la t i ons  
were s t u d i e d  f rom June th rough  August i n  1974, 1975 and 1978. P o s i t i o n s  
were ob ta ined  on the  l o c a t i o n  o f  each v o l e  a t  r e g u l a r  i n t e r v a l s ,  u s u a l l y  
once/hour f o r  24 hours ,  once o r  twice/week. Up t o  20 vo les  were 
mon i to red  c o n c u r r e n t l y ,  and seve ra l  were t racked  r e g u l a r l y  f o r  3  months. 
The d a i l y  range o f  each v o l e  was compi led f rom t h e  24 p o s i t i o n s  
ob ta ined  f o r  each v o l e  ove r  a  24-hour pe r iod .  Each range was represented 
by t h e  area enc losed by a  l i n e  connect ing t h e  outermost p o s i t i o n s  
f o r  t h e  24-hour p e r i o d .  Changes i n  t h e  l o c a t i o n  o r  s i z e ,  o r  both ,  o f  
t h e  d a i l y  range f rom one week t o  t h e  nex t  were used t o  desc r ibe  t h e  
types o f  movements observed and t o  measure c o r r e l a t i o n s  between movement 
and weather c o n d i t i o n s .  
The a n a l y s i s  o f  weather v a r i a b l e s  was performed us ing  t h e  f i e l d  da ta  
f r o m  1978. The f i e l d  s i t e  t h i s  year  was w i t h i n  5  m i l e s  o f  t he  Broome 
Co. A i r p o r t ,  wh ich recorded a  wide v a r i e t y  o f  weather i n fo rma t ion .  A 
h i g h  degree o f  correspondence between t h e  a i r p o r t  data  and t h e  l i m i t e d  
i n f o r m a t i o n  c o l l e c t e d  a t  t he  f i e l d  s i t e  (e .g . ,  t o t a l  p r e c i p i t a t i o n ,  
cont inuous temperature, r e l a t i v e  humid i t y  and ba romet r i c  pressure data)  
a l l owed  the  e x c l u s i v e  use o f  t h e  a i r p o r t  data  f o r  t h e  analyses. 
Seventeen weather v a r i a b l e s  were q u a n t i f i e d  a long w i t h  movement f o r  
each v o l e  on each day o f  r a d i o t r a c k i n g .  The area o f  t h e  d a i l y  range 
was used as an i n d i c a t o r  o f  movement. Spearman rank c o r r e l a t i o n  
c o e f f i c i e n t s  (S i e g e l  , 1956) were c a l c u l a t e d  between movement and each 
weather v a r i a b l e .  The 17 weather v a r i a b l e s  were as f o l l o w s :  
TI Mean temperature  on t r a c k i n g  day 
T2 Mean temperature  change f rom p rev ious  day 
T3 
Mean temperature change f rom mean o f  p rev ious  t h r e e  days 
PI No. o f  days s i n c e  accumulat ion o f  any r a i n  
P2 No. o f  days s i n c e  accumulat ion o f  0.2 inches o f  r a i n  
P3 No. o f  days s i n c e  accumulat ion o f  0.5 inches o f  r a i n  
RHI Mean r e l a t i v e  h u m i d i t y  on t r a c k i n g  day 
RH2 Mean r e l a t i v e  h u m i d i t y  change f rom p rev ious  day 
RH3 Mean r e l a t i v e  h u m i d i t y  change f rom mean o f  p rev ious  t h r e e  days 
W 1  Mean wind speed on t r a c k i n g  day 
W2 Mean wind speed change f rom p rev ious  day 
W Mean wind speed change f rom mean o f  p rev ious  t h r e e  days 
3  
S1 Percent  a v a i l a b l e  sunshine on t r a c k i n g  day 
S2 Change i n  pe rcen t  a v a i l a b l e  sunshine f rom p rev ious  day 
S 3  Change i n  percent  a v a i l a b l e  sunshine f rom mean o f  p rev ious  t h r e e  days 
BP Mean ba romet r i c  pressure on t r a c k i n g  day 
DL Day l eng t  h  on t r a c k i  ng day 
RESULTS 
Types o f  Movement. Four b a s i c  types o f  movement were observed. 
These v a r y  a long  a  cont inuum f rom s t r o n g  p h i l o p a t r y  and e x c l u s i v e l y  
l o c a l i z e d  movements w i t h i n  the  d a i l y  range t o  sudden and permanent 
changes i n  t h e  d a i l y  range. Severa l  d i f f e r e n t  types o f  movement can 
be observed i n  each v o l e ,  thus t h e  ca tego r ies  a r e  n o t  mu tua l l y  e x c l u s i v e .  
Residency. T h i s  p a t t e r n  o f  movement i s  one where the  v o l e  remains 
i n  t h e  same area (has t h e  same genera l  cen te r  o f  a c t i v i t y )  f rom one 
week t o  the  nex t .  The success ive d a i l y  ranges u s u a l l y  ove r lap ,  and 
t h e  c e n t e r  o f  a c t i v i t y  shows l i t t l e  n e t  change i n  l o c a t i o n  throughout  
t h e  t r a c k i n g  pe r iod .  Movements w i t h i n  t h e  d a i l y  range a r e  t y p i c a l l y  
sma l l  f o r a g i n g  ( t e r r i t o r y  maintenance?) loops o f  about 2-4 hours 
f o l l o w e d  by s h o r t  bouts  o f  s leep.  Whereas s l e e p i n g  d u r i n g  the  summer day 
occurs  a lmost  anywhere w i t h i n  t h e  d a i l y  range (e.g. ,  i n  a  s i d e  tunne l  
o f  grass runway), s l e e p i n g  a t  n i g h t  i s  u s u a l l y  w i t h i n  s imp le  grass nes ts .  
Only l a c t a t i n g  females s l e e p  a t  e l a b o r a t e  nes ts ,  and these nests  a r e  
u t i l i z e d  b o t h  day and n i g h t .  Th i s  p a t t e r n  o f  movement i n  vo les  t racked  
f o r  3  weeks o r  more was shown by 69% o f  t h e  males (20 o f  29 vo les )  and 
89% o f  t h e  females (24 o f  27 vo les )  (Tab le  1 ) .  F ig .  IA  shows one 
female e x h i b i t i n g  res idency and one case o f  wandering. 
TABLE 1 .  Frequency o f  movement types observed among moderately dense 
p o p u l a t i o n s  ( v a r i e d  f rom 45 t o  110 vo les  pe r  acre)  o f  subadul t  and 
a d u l t  meadow vo les  f rom June through August. The res idency and s h i f t i n g  
c a t e g o r i e s  o n l y  i n c l u d e  vo les  t racked  f o r  t h r e e  o r  more weeks. 
No. 
No. 24-h 
v o l e s  pe r iods  Residency S h i f t i n g  Wandering D ispe rsa l  
1974 
Males 8  37 1 2  3  1 
Females 8  3  9  3  0  2  0  
1975 
Males 16 7 7 8  3  6  1 
Females 15 7  2  10 2  4  0  
1978 
Males 18 9  5  1 1  4  8  0  
Females 20 8  7  1 1  1 4  1 
T o t a l  
Males 42 209 2  0  9  17 2  
Females 43 198 24 3 10 1 
F i g .  1 .  Types o f  movement by meadow v o l e s  d u r i n g  r a d i o t r a c k i n g .  (A) 
a d u l t  female i n  1978 a t  Binghamton, N.Y.  (23 g  on 6/20, 45 g  on 8/22) 
showing t h e  res idency p a t t e r n ,  except on 8/8 when t h e  female wandered. 
On 8/8 t h e  female was 7 days i n t o  l a c t a t i o n  and 7  days i n t o  a  postpartum 
pregnancy. She gave b i r t h  t o  l i t t e r s  on 8/1 and 8/21. (B) a d u l t  male 
i n  1975 a t  F ron t  Royal,  V i r g i n i a  (32 g  on 7/8, 48 g  on 8 /14) ,  showing 
t h e  s h i f t i n g  p a t t e r n  (7/31-8/14) and wandering(7/24).  (C) a d u l t  male i n  
1975 a t  F ron t  Royal, Va. (33 g  on 7/8, 37 g  on 7/24) showing d i s p e r s a l  
t h a t  occu r red  between 0400 h  and 1000 h on 7/16. "+" s igns  i n d i c a t e  
r e f e r e n c e  p o i n t s .  ( ~ i ~ u r e  on nex t  page.) 
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S h i f t i n g .  T h i s  p a t t e r n  c o n s i s t s  o f  t h e  normal d a i l y  movements 
desc r ibed  above, except  t h a t  t h e  cen te r  o f  a c t i v i t y  g r a d u a l l y  s h i f t s  i n  
one genera l  d i r e c t i o n  t o  a  new l o c a t i o n .  Movements i n t o  new reg ions 
a l t e r n a t e  w i t h  movements back i n t o  r e c e n t l y  occupied areas, b u t  a f t e r  
about 3  weeks t h e  new d a i l y  range i s  e n t i r e l y  non-over lapp ing w i t h  t h e  
former  d a i l y  range. The s h i f t i n g  can r e s u l t  i n  o s c i l l a t o r y  movements 
between w i d e l y  sepa ra te  areas, o r  be t h e  r e s u l t  o f  movements i n t o  the  
most ad jacen t ,  p r e v i o u s l y  unoccupied area. S h i f t i n g  movement i n  vo les  
t r a c k e d  f o r  3  weeks o r  more was shown by 31% o f  t h e  males (9  o f  29 vo les )  
and 1 1 %  o f  t h e  females (3 o f  27 vo les )  (Tab le  1 ) .  F i g .  1B shows a male 
e x h i b i t i n g  s h i f t i n g  movement and one case o f  wandering. 
Wanderinq. Wandering i s  a  sudden, temporary movement by a  vo le  
, 
n o t i c e a b l y  o u t s i d e  o f  t h e  normal d a i l y  range. I t  i s  d e f i n e d  as any 
movement separated f rom t h e  pe r iphe ry  o f  t h e  d a i l y  range by a t  l e a s t  one 
d a i l y  range d iameter  and l a s t i n g  f o r  no more than 12 hours. Typ i ca l  
t r i p s  a r e  about 2 hours d u r a t i o n ,  b u t  some l a s t e d  up t o  9 hours.  Wh i l e  
t h e  same genera l  r e g i o n  may be v i s i t e d  aga in  a f t e r  a  few weeks, t h e  t ime ,  
d i s t a n c e  and d u r a t i o n  o f  wandering a r e  unp red i c tab le .  The depar tu re  
and r e t u r n  o f  t h e  v o l e  i s  v e r y  r a p i d ,  and u s u a l l y  escapes rad iomon i to r i ng .  
Among a l l  years ,  23% o f  43 female vo les  wandered d u r i n g  198 vole-days, 
w h i l e  40% o f  42 males wandered d u r i n g  209 vole-days (Tab le  1) .  F i g .  1A,B 
show two cases o f  wandering, one by a female on 8/8 and one by a  male 
on 7/24. 
D i s p e r s a l .  D i spe rsa l  i s  ve ry  s i m i l a r  t o  wandering, except  t h a t  
t h e  v o l e  does n o t  r e t u r n  t o  t h e  d a i l y  range. Usua l l y  a  res idency p a t t e r n  
appears a t  t he  new l o c a t i o n .  One o f  t h e  43 female vo les  t racked  was 
observed t o  d isperse,  whi l e  two o f  t h e  42 male vo les  d ispersed  a able I ) .  
F i g .  I C  shows one o f  t h e  two cases o f  male d i s p e r s a l  where the male moved 
t o  a  new d a i l y  range 60 m away i n  l e s s  than 6  hours.  The male n o t  
represented moved 80 m away i n  l e s s  than 3  hours;  t h e  one female moved 
61 rn away i n  l e s s  than 3 hours.  
Weather C o r r e l a t e s  o f  Movement. A t o t a l  o f  182 vole-days and t h e  
assoc ia ted  weather c o n d i t i o n s  were used i n  t he  a n a l y s i s  o f  weather 
f a c t o r s  i n  1978. For  males, a  l a c k  o f  p r e c i p i t a t i o n  emerged as an 
impor tan t  weather v a r i a b l e  c o r r e l a t e d  w i t h  increased movement (Tab le  2 ) .  
The p o s i t i v e  c o r r e l a t i o n s  w i t h  temperature  and ba romet r i c  pressure were 
assoc ia ted  w i t h  d r y  weather,  as was t h e  nega t i ve  c o r r e l a t i o n  w i t h  day- 
l eng th .  When day leng th  was decreas ing d u r i n g  J u l y  and August, c o n d i t i o n s  
were g e n e r a l l y  d r y e r .  The n e a r l y  s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  r e l a t i v e  
h u m i d i t y ,  w ind  and % a v a i l a b l e  sunshine a l s o  f i t  the  d r y  day p a t t e r n  o f  
increased movement f o r  males. For females, a  p o s i t i v e  c o r r e l a t i o n  
occu r red  between temperature  and movement, b u t  no o t h e r  c o r r e l a t i o n s  
were s t a t i s t i c a l l y  s i g n i f i c a n t .  
DISCUSSION 
E s s e n t i a l l y  no p rev ious  s tudy o f  M i c r o t u s  has a t tempted t o  d e f i n e  
t h e  types o f  movement observed i n  f ree - rang ing  i n d i v i d u a l s .  The 
res idency p a t t e r n  i n  M. pennsy lvan icus i s  s te reo typed  and c o n s i s t e n t  
w i t h  t h e  s h o r t  t e rm a c t i v i t y  p a t t e r n s  observed f o r  t he  spec ies  (Graham, 
1968; Madison, 1980b; Webster, 1979). 
The s h i f t i n g  p a t t e r n  where a  v o l e  g r a d u a l l y  changes i t s  d a i l y  range 
r e f l e c t s  t h e  movement o f  some vo les  i n t o  l o w - l y i n g ,  mo is t  areas d u r i n g  
Table  2. Spearman rank c o r r e l a t i o n  c o e f f i c i e n t s  ( r  ) between 
movement, as measured by area, and s e l e c t e d  weatherSvar i  ab les  
(see t e x t  f o r  def  i n i  t i  ons) . 
Weather Male Female 
f a c t o r  r P  r P 
A - _ - s i g n i f i c a n t  a t  0.05 p r o b a b i l i t y  l e v e l ;  ** = 0.01 s i g n i f i c a n c e  l e v e l ;  
.L .L I ,. ,. ,. = 0.001 s i g n i f i c a n c e  l e v e l  
d r y  p e r i o d s  i n  t h e  summer. Other  vo les  have been observed t o  s h i f t  t h e i r  
ranges away f rom reg ions  o f  s o c i a l l y  contested space. Imp l i ed  i n  these 
movements i s  t h a t  t h e r e  e x i s t s  unoccupied space i n  o r  near t h e  border  
o f  t h e  s h i f t i n g  v o l e  i n t o  wh ich  t h e  v o l e  can move. 
Wandering movements o f  a  few hours and ex tend ing  up t o  f o u r  d a i l y  
range d iameters  away appear t o  be s i g n i f i c a n t  among a d u l t s  d u r i n g  the  
b reed ing  season, and a r e  l i k e l y  assoc ia ted  w i t h  rep roduc t i ve  events .  
For example, males o f t e n  t e m p o r a r i l y  move o u t  o f  t h e i r  d a i l y  ranges and 
e n t e r  t h e  ranges o f  ne ighbor ing ,  es t rous  females (Madison, 1980). 
Wandering c o u l d  r e f l e c t  t h e  ma le ' s  e f f o r t  t o  mate w i t h  r e c e p t i v e  female 
ne ighbors  e s p e c i a l l y  i f  t h e  l a t t e r  a r e  prone t o  move w i d e l y  when they 
near p a r t u r i t i o n  and e s t r u s  ( females have a  postpar tum e s t r u s  and may 
a c t u a l  l y  mate d u r i n g  p a r t u r i t i o n ) .  Such wide s c a l e  movement (wandering) 
by t h e  females around p a r t u r i t i o n  and e s t r u s  has been repo r ted ,  and may 
be necessary t o  promote ou tb reed ing  o r  reduce the  chance o f  male cann iba l -  
ism o f  t h e  newborn young  adis is on, 1978a). 
D i spe rsa l  under t h e  c o n d i t i o n s  o f  t h i s  s tudy was s u r p r i s i n g l y  ra re .  
The contemporary acceptance o f  t h e  importance o f  d i s p e r s a l  i n  rodent 
p o p u l a t i o n  b i o l o g y  (e.g., L i d i c k e r  1975; Tamarin, 1977) may be over -  
emphasized, and es t ima tes  o f  d i s p e r s a l  may be i n f l a t e d  a r t i f i c i a l l y  
by t h e  i n c l u s i o n  o f  many cases o f  wandering i n t o  t h e  d i s p e r s a l  es t ima te .  
The sudden, permanent depar tu re  o f  a  v o l e  f rom i t s  d a i l y  range i s  a  b o l d  
a c t i o n ,  one where t h e  l i k e l i h o o d  o f  rep roduc t i ve  success a t  home must be 
v e r y  low, o r  one where t h e  r a r e  i n c i d e n t  o f  rep roduc t i ve  success a t  l a r g e  
must r e s u l t  i n  cons ide rab le  rep roduc t i ve  g a i n  (such as found ing a  new 
p o p u l a t i o n ) ,  o r  both .  The increased p r e d a t i o n  on d i s p e r s i n g  vo les  i s  
commonly recognized,  and p r e d a t i o n  on v o l e s  i n t e n s i f i e s  i n  suboptimum 
areas (Madison, 1979). I t  i s  o f  course p o s s i b l e  t h a t  d i s p e r s a l  i s  more 
common i n  vo les  l e s s  than 20 g, o r  more f requen t  among vo les  f rom 
September th rough  May, b u t  these p o s s i b i l i t i e s  do no t  a l t e r  t h e  unexpected 
f i n d i n g  o f  so few d i s p e r s i n g  vo les  among a l l  t h e  subadul t  and a d u l t  
members o f  t h e  s tudy  p o p u l a t i o n s  d u r i n g  the  main breed ing p e r i o d  f rom 
June th rough  August. The reason f o r  so  l i t t l e  d i s p e r s a l ,  i f  i t  i s  t o  
be expected under t h e  moderate d e n s i t y  c o n d i t i o n s  i n  t h i s  s tudy,  i s  
n o t  known. 
L i t t l e  i n f o r m a t i o n  e x i s t s  on how weather f a c t o r s  a f f e c t  movement i n  
M ic ro tus ,  e s p e c i a l l y  concern ing t h e  day-to-day v a r i a t i o n s  i n  movement. 
The a v a i l a b l e  data  i n d i c a t e  t h a t  a c t i v i t y  tends t o  increase d u r i n g  
wet weather (B ide r ,  1968) o r  t h a t  vo les  p r e f e r  more mo is t  h a b i t a t  (Getz, 
1961). However, Pearson (1960) found t h a t  a c t i v i t y  was h ighes t  a t  t imes 
o f  lowest  vapor pressure,  hence d u r i n g  d r y  pe r iods .  The l a t t e r  observa- 
t i o n  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  i n  t h e  present  s tudy,  a t  l e a s t  f o r  
males. Some o f  t he  a c t i v i t y  observed p r e v i o u s l y  d u r i n g  wet weather cou ld  
be assoc ia ted  w i t h  n e s t  abandonment when t h e  nes t  becomes wet ( s t a r k ,  
1963). I t  p robab ly  i s  s a f e  t o  say t h a t  M ic ro tus  requ i res  h i g h  degrees o f  
m o i s t u r e  i n  i t s  d i e t  (Pearson, 1960), and t h e r e f o r e  t h r i v e s  i n  mo is t  
h a b i t a t s ,  assuming o t h e r  f a c t o r s  as food and cover  a r e  adequate. However, 
d r y  c o n d i t i o n s  appear t o  be a  d e f i n i t e  s t i m u l u s  f o r  movement among males, 
and t h i s  weather v a r i a b l e  shou ld  be s t u d i e d  f u r t h e r .  
An e x p l a n a t i o n  f o r  increased movement d u r i n g  d r y  weather must 
cons ide r  t h e  sex-dependent n a t u r e  o f  t h e  e f f e c t .  Thus, s h i f t i n g o r  wan- 
d e r i n g  i n t o  mo is t  areas d u r i n g  d r y  weather i s  n o t  a  very  s a t i s f a c t o r y  
exp lana t i on .  One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  h i g h  c o r r e l a t i o n  between 
male movement and d r y  weather i s  suggested by Madison (1980). Movements 
o f  v o l e s  a r e  h e a v i l y  i n f l uenced  by odors produced by conspec i f i cs .  The 
d e t e c t i o n  o f  these odors i n  t he  environment i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  ambient r e l a t i v e  humid i t y  (Regnier & Goodwin 1977). I f  males a r e  
no rma l l y  i n h i b i t e d  f rom wide- rang ing movement i n  optimum h a b i t a t  by t h e  
presence o f  odors o f  o t h e r  males, then a  r e d u c t i o n  i n  t h e  apparent 
chemical  presence o f  males d u r i n g  d r y  weather would re lease  males f rom 
t h e i r  s o c i a l  i n h i b i t i o n  and a l l o w  them t o  search more w i d e l y  f o r  r e c e p t i v e  
females. Not o n l y  might  t he  apparent presence o f  competing males be . 
decreased, bu t  t h e  l i k e l i h o o d  o f  a  t respass ing  male be ing de tec ted  by a  
r e s i d e n t  male would be reduced. The reduced chance o f  d e t e c t i o n  d u r i n g  
d r y  weather would make non - ra in  pe r iods  t h e  optimum t ime  f o r  w ide range 
reconnaissance runs by s e x u a l l y  a c t i v e  males. That normal i n h i b i t i o n  o f  
movement p robab ly  occurs ,  and t h a t  d e t e c t i o n  by  o t h e r  males i s  p o t e n t i a l l y  
i n j u r i o u s ,  i s  suppor ted by t h e  h i g h  frequency o f  wounding amonn s e x u a l l y  
mature  male vo les  ( C h r i s t i a n ,  1971; Rose, 1 9 7 9 )  There i s  no obv ious 
advantage f o r  females t o  invade o t h e r  female t e r r i t o r i e s ,  so increased 
movement d u r i n g  d r y  weather i s  n o t  expected f o r  females (Madison, 1980a). 
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ABSTRACT: P i n e  v o l e s  and meadow v o l e s  exh ib i t ed  d i f f e r e n t i a l  p r e f e r -  
ences  f o r  v a r i o u s  Malus c lones .  When damage t o  dormant stems i n  a  24- 
h r  t e s t  was a s sessed  by e i t h e r  a  graded damage s c a l e  o r  percentage 
consumption by we igh t ,  p i n e  v o l e s  p r e f e r r e d  Golden De l i c ious ,  M . 9 ,  and 
M.26 and c o n s i s t e n t l y  avoided M.x sub loba ta  P I  286613 ("613") and 
r e l a t e d  c lones  and Robusta 5. Dehydrating stems magnified t h e  d i spa r -  
i t y  among c u l t i v a r s ,  a s  a t t r a c t i v e  stems cont inued t o  s u f f e r  e x t e n s i v e  
damage, whi l e  613 became even l e s s  p a l a t a b l e .  I n  t h e  autumn phase a l l  
v a r i e t i e s  showed inc reased  acceptance.  Meadow v o l e s ,  l i k e  p i n e  v o l e s ,  
e x h i b i t e d  d i f f e r e n t i a l  acceptance of c u l t i v a r s ,  bu t  t h e i r  p re fe rences  
d i f f e r e d  somewhat from p i n e  v o l e s  i n  t h a t  they  e x t e n s i v e l y  damaged 
Robusta 5. 
When bark and pu lp  p o r t i o n s  of r o o t s t o c k s  were s e p a r a t e l y  
p resen ted  t o  p i n e  v o l e s  i n  1 h r  t e s t s ,  weight consumed followed 
expected v a r i e t a l  p re fe rences .  With dormant s t o c k s ,  s i g n i f i c a n t l y  more 
ba rk  was consumed t h a n  pulp  i n  both  613 and Golden De l i c ious  samples,  
and, i n  bo th  f r a c t i o n s  Golden De l i c ious  was consumed more t h a n  613. 
I n  autumn-cut s t o c k s  Golden De l i c ious  was p r e f e r r e d  t o  t h r e e  o t h e r  
v a r i e t i e s  o v e r a l l ,  a s  was i t s  pulp f r a c t i o n .  
Humans r e a d i l y  d e t e c t e d  t e x t u r a l  c o n t r a s t s  among r o o t s t o c k s ,  some 
of which can b e  measured dur ing  t h e  dormant phase  a s  lower d e n s i t i e s  
and h igher  wa te r  con ten t  f o r  t h e  extremely p r e f e r r e d  roo t s tocks .  Humans 
a l s o  r e p o r t e d  t a s t e  d i f f e r e n c e s  among c u l t i v a r s ,  d e s c r i b i n g  r o o t s t o c k s  
and f ragments  a s  b i t t e r  more o f t e n  f o r  Golden De l i c ious  and 613 than  
f o r  Robusta 5 and M.9. Taken t o g e t h e r ,  t h e s e  r o o t s t o c k  d a t a  suggest  
t h a t  stem t e x t u r e  may be a  p r i m a r y f a c t o r  f o r  r o o t s t o c k  a c c e p t a b i l i t y .  
T a s t e  probably a l s o  p l a y s  a  r o l e  i n  r o o t s t o c k  p re fe rences .  P i n e  
dowels soaked i n  f r u i t  e x t r a c t ,  suc rose ,  o r  qu in ine  s o l u t i o n s  o r  water  
o r  o i l  and i n d i v i d u a l l y  p resen ted  t o  pa i red  p i n e  v o l e s  f o r  24 h r  t e s t s  
were gnawed d i f f e r e n t i a l l y  wi th  enhanced gnawing f o r  o i l  and e x t r a c t -  
t r e a t e d  dowels,  and l e s s  gnawing of qu in ine - t r ea ted  dowels. 
INTRODUCTION: P ine  v o l e s  and meadow v o l e s  may i n f l i c t  s e r i o u s  damage 
on a p p l e  t r e e s  by gnawing r o o t s  and bark (2 ) .  Whether v o l e s  gnaw t o  
wear down t h e i r  t e e t h ,  t o  o b t a i n  c e r t a i n  minera l s ,  n u t r i e n t s ,  o r  water ,  
o r  t o  c r e a t e  n e s t i n g  m a t e r i a l ,  i s  unknown. P i n e  v o l e s  do consume some 
a p p l e  t r e e  r o o t  t i s s u e ,  a s  i t  i s  commonly p resen t  i n  stomach c o n t e n t s  
of wild-caught p ine  v o l e s ,  bu t  t h e  percentage of a p p l e  r o o t  epidermis  
t i s s u e  i n  t o t a l  stomach c o n t e n t s  i s  v e r y  low, u s u a l l y  on ly  a  few 
pe rcen t  (4 ) ,  sugges t ing  t h a t  app le  r o o t s ,  even i n  t h e  w i n t e r ,  a r e  
n o t  a n  important  food source .  
I n  t h i s  paper  I p r e s e n t  d a t a  r ega rd ing  f a c t o r s  i n f l u e n c i n g  
gnawing of wood by v o l e s ,  d e s c r i b i n g  i n  t h e  f i r s t  s e c t i o n  s t u d i e s  of 
a c c e p t a b i l i t y  i n  24 h r  t e s t s  of dormant, dormant and d r i e d ,  dormant 
and sp rou ted ,  and autumn-cut Malus shoo t s .  The a c c e p t a b i l i t i e s  of 
c o r t e x  and pu lp  p o r t i o n s  of s e v e r a l  c u l t i v a r s  i n  1 h r  t e s t s  a r e  
compared. P h y s i c a l  c h a r a c t e r i s t i c s  of t h e  most and l e a s t  a t t r a c t i v e  
c u l t i v a r s  a r e  desc r ibed  i n  t h e  second s e c t i o n ,  inc lud ing  changes w i t h  
season,  and d i f f e r e n c e s  i n  t a s t e  q u a l i t y  a s  desc r ibed  by humans. I n  
t h e  t h i r d  s e c t i o n  I r e p o r t  e f f e c t s  of t a s t a n t s  on gnawing of p i n e  
dowels by p i n e  v o l e s .  
ACCEPTABILITY OF ROOTSTOCKS TO VOLES: Both i n  t h e  l a b o r a t o r y  and i n  
t h e  f i e l d ,  v o l e s  have e x h i b i t e d  d i f f e r e n t i a l  p re fe rences  among Malus 
c l o n e s  (3 ,7 ,9 ) .  'Golden ~ e l i c i o u s '  s tems,  f o r  example, have cons i s -  
t e n t l y  been more s u b j e c t  t o  damage t h a n  613 stems. 
For t h e  p r e s e n t  s tudy ,  p l a n t  m a t e r i a l  was c o l l e c t e d  a t  Geneva, 
New York, e i t h e r  w h i l e  f u l l y  dormant i n  January o r  be fo re  l e a v e s  
dropped i n  October ,  shipped t o  P h i l a d e l p h i a ,  and t h e r e  s t o r e d  i n  
p l a s t i c  a t  1°C u n t i l  u s e  w i t h i n  30 days. 
P i n e  v o l e s  were laboratory-born i n  a  colony o r i g i n a l l y  t rapped 
i n  Pennsylvania  i n  1972, and meadow v o l e s  were wild-caught i n  
V i r g i n i a  a  few months p r i o r  t o  t e s t s .  A l l  Voles were housed i n  
p l a s t i c  shoe box cages  a s  h e t e r o s e x u a l  p a i r s  and o f f e r e d  wa te r ,  app les ,  
a l f a l f a ,  peanu t s ,  and sunf lower  seeds  cont inuously  throughout a l l  
exper iments .  
For a n  i n i t i a l  r e p l i c a t i o n  of Byers' s tudy  under our l a b o r a t o r y  
c o n d i t i o n s ,  20 p a i r s  of p i n e  v o l e s  were, i n  a  s e r i e s  of weekly t e s t s , '  
p resen ted  wi th  1 5  cm r o o t s t o c k  l e n g t h s  f o r  a  24 h r  per iod.  A modifi-  
c a t i o n  of Byers '  damage r a t i n g  s c a l e  (2) was used: 0  = no damage; 
1 = 114 g i r d l e d ;  2  = 114 - 112 g i r d l e d ;  3  = 112 o r  more g i r d l e d ;  4  = 
g i r d l e d ;  5  = shor tened o r  c u t  i n  two; 6  = consumed. I n  t h i s  s tudy ,  
wide v a r i a b i l i t y  occur red  and no s i g n i f i c a n t  d i f f e r e n c e  was found 
among M.26, M.9, Robusta 5 ,  and 613 (3176 d f ,  F  = 1.23) ;  however d a t a  
suggested a  t r e n d  of lower a c c e p t a b i l i t y  f o r  613. 
I n  a  subsequent t e s t  u s i n g  dormant s t o c k  and 23 Malus c lones ,  
s i g n i f i c a n t  d i f f e r e n c e s  were ev iden t  (22190 d f ,  F  = 1.86, E (  .05),  
w i th  mean damage s c o r e s  above 5  f o r  7227R5-181, M.27, 74R5M9-934 and 
M.9, and below 4 f o r  746363-32, 710663-1, 74R5M9-794, 74R5M9-5, 
716325-2, 710663-13, t h e  two extremes r e p r e s e n t i n g  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t - t e s t s .  
Much l a t e r  we ob ta ined  autumn-cut shoo t s ,  and a  f a r  h igher  
pe rcen tage  by weight was consumed (Fig. l b )  than  f o r  dormant m a t e r i a l  
(Fig. l a ) .  I n  t h e  autumn, 613 and Golden De l i c ious  were s i g n i f i c a n t l y  
p r e f e r r e d  over  Robusta 5 ,  i n d i c a t i n g  a  p o s i t i v e  s h i f t  i n  t h e  
a t t r a c t i v e n e s s  of 613. Dormant shoo t s  which had been d r i e d  (150°C) 
f o r  3  days  a l s o  s i g n i f i c a n t l y  d i f f e r e d  (251159 d f ,  F  = 3.36, p < .001) 
wi th  s c o r e s  above 4.5 f o r  74R5M9-789, 75M9R5-47, 746363-75, and GD and 
below 3 f o r  7527R5-181, M.27, 710663-13, 74R5R5-29, 74R5R5-16,74R5R5-15, 
63, 746363-37, Rob. 5 ,  74R5M9-936 and 74R5M9-794. Shoots of 7 c u l t i -  
v a r s  were t h e n  placed i n  a  room a t  20°C wi th  a n  1 8  L-6D c y c l e  f o r  2  
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Figure  1. Percentage of Malus shoot  weight no t  consumed by p ine  
v o l e  pa i r s .  (Four c u l t i v a r s  were i n d i v i d u a l l y  p resen ted  
f o r  24 h r  t e s t s .  I n  Fig. l a ,  shoo t s  were f u l l y  dormant. 
I n  Fig .  l b ,  l e a v e s  were removed be fo re  t e s t i n g . )  
weeks and allowed t o  develop l e a v e s .  Sprouted shoo t s  were then  
p resen ted  t o  p i n e  v o l e s ;  damage d i f f e r e d  s i g n i f i c a n t l y  among c u l t i v a r s  
(6135 d f ,  F  = 4.29, p < .005), w i th  high damage s c o r e s  f o r  746363-51, 
746363-37, 74R5R5-15, and g.27 and low s c o r e s  f o r  74R5R5-16 and 613. 
The ave rage  damage s c o r e  f o r  f r e s h  dormant v a r i e t i e s  pooled was 
4.23 (S.E. = .18, 23 v a r i e t i e s )  whi l e  d r y  dormant was 3.25 (S.E. = 
.25, 26 v a r i e t i e s  ), and dormant sprouted was 4.5 (S.E. = .37, 7  
v a r i e t i e s ) .  Drying reduced damage s i g n i f i c a n t l y  whi l e  sp rou t ing  d id  
n o t  s i g n i f i c a n t l y  a f f e c t  damage. I n d i v i d u a l  c u l t i v a r s  had a  s i g n i f i -  
c a n t  r e d u c t i o n  i n  damage a f t e r  d ry ing  ( s i g n  t e s t :  n  = 20, p < .058). 
F igure  2. Percentage of shoot  f r a c t i o n s ,  ba rk  (B) and pu lp  (P), 
no t  consumed by p i n e  v o l e  p a i r s . ( I n  Fig .  2a, dormant 
f r a c t i o n s  were presented f o r  24 h r  immediately a f t e r  
p repa ra t ion .  I n  Fig .  2b, autumn f r a c t i o n s  were presented 
f o r  1 112 h r  beginning 24 h r  a f t e r  p repa ra t ion . )  
To a s s e s s  t h e  a t t r a c t i v e n e s s  of dormant shoo t s ,  p i e c e s  were 
prepared from t h e  co lo red  l a y e r s  of t h e  bark and t h e  whi t e  pulp. 
P o r t i o n s  of e i t h e r  ba rk  o r  pu lp  from 613 o r  M.9 were weighed and 
p resen ted  t o  f a m i l i a r  p i n e  v o l e  p a i r s  i n  a  c l e a n  cage f o r  a  2  h r  t e s t .  
Control  samples of each v a r i e t y  were placed i n  c l e a n  empty cages  and 
weighed a f t e r  t e s t i n g  t o  permit  c o r r e c t i n g  weights  f o r  pe rcen t  water  
l o s s  dur ing  t h e  t e s t  pe r iod .  More b a r k  than  pu lp  was consumed i n  bo th  
c u l t i v a r s  (1116 d f ,  F  = 16.63, p < .001),  and 613 was l e s s  p a l a t a b l e  
than M.9 (1116 d f ,  F = 6.04, p < .05; Fig .  2a).  A s i m i l a r  experiment 
was l a t e r  conducted us ing  autumn-cut shoo t s .  Uniformly-sized shavings  
(approx. 3  cm x 5  nun) were presented i n  1.5g a l l o t m e n t s  t h e  day a f t e r  
p repa ra t ion .  Con t ro l  samples permit ted c o r r e c t i o n s  f o r  drying.  Each 
vo le  p a i r  was g iven  3  t e s t s  i n  a  r epea ted  measure des ign  wi th  random- 
ized s e l e c t i o n  of t r ea tmen t .  The autumn-cut stems d i f f e r e d  wi th  
r e spec t  t o  v a r i e t y  (3148 d f ,  F  = 17.6, 2 < .001; Fig .  Zb), p o r t i o n  of 
t h e  r o o t s t o c k  (1148 df , F = 9.4,  2 < .001) and t h e  i n t e r a c t i o n  (3148 df, 
F = 5.88, 2 < .005). There was a  s i g n i f i c a n t  o r d e r  e f f e c t ,  w i th  s c o r e s  
i n c r e a s i n g  on subsequent  t e s t s  (2148 d f ,  F  = 17.6, p  < .001) and an  
i n t e r a c t i o n  among v a r i e t y ,  stem p o r t i o n ,  and o r d e r  of t e s t i n g  (6 ,  48 df, 
F = 14.7, 2 < .001).  Compared t o  o t h e r  v a r i e t i e s ,  Golden De l i c ious  
was s i g n i f i c a n t l y  p r e f e r r e d  o v e r a l l ,  and i t s  pulp was p r e f e r r e d  t o  
o t h e r s  ( t - t e s t s  p < .05).  Robusta 5  ba rk  was s i g n i f i c a n t l y  p r e f e r r e d  
t o  i ts  pulp;  t h i s  i s  c o n s i s t e n t  wi th  t h e  f r equen t  s t r i p p i n g  o f f  of 
bark which occurs  when whole Robusta 5  stems a r e  presented.  
Meadow v o l e s  a l s o  e x h i b i t  v a r i e t a l  p re fe rences ,  bu t  they a r e  
u n l i k e  p i n e  v o l e s  i n  t h e i r  r e l a t i v e  l i k i n g  f o r  Robusta 5  (Fig. 3b).  
Negat ive  r e s u l t s  have occurred i n  s t u d i e s  of a c c e p t a b i l i t y  of (1) 
l e a v e s  of v a r i o u s  c u l t i v a r s ;  and (2) superna tan t  from pu lve r i zed  shoo t s  
of v a r i o u s  c u l t i v a r s  i n  water ,  w i t h  o r  wi thout  sucrose .  
A c c e p t a b i l i t y  of a p p l e  s h o o t s  was in f luenced  by c u l t i v a r ,  by t h e  
stem hydra t ion ,  and by t h e  stem f r a c t i o n .  While t h e s e  f a c t o r s  s i g n i -  
f i c a n t l y  a f f e c t  r o o t s t o c k  damage i n  t h e  l a b o r a t o r y ,  s u b s t a n t i a l  con- 
sumption occurred even under t h e  l e a s t  a t t r a c t i v e  cond i t ions .  Orchard- 
ists can probably b e n e f i t  most by s e l e c t i n g  u n a t t r a c t i v e  r o o t s t o c k s  
a s  p a r t  of an  i n t e g r a t e d  v o l e  c o n t r o l  program. 
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Pe rcep t ion  o f  Malus shoo t s  by a  Damage t o  Malus shoo t s  by 
human t a s t e  panel. (Six  women were meadow v o l e  p a i r s .  
p resen ted  w i t h  ba rk ,  pulp ,  and whole 
shoo t s  o f  4  v a r i e t i e s  and asked t o  
d e s c r i b e  t a s t e s  of each.) 
PHYSICAZ. CHARACTERISTICS RELATING TO ACCEPTABILITY: Severa l  f a c t o r s  
may i n d i c a t e  whether t a s t e  i s  an  o v e r r i d i n g  determinant  of r o o t s t o c k  
a c c e p t a b i l i t y .  Succulence and t e x t u r a l  f a c t o r s  probably va ry  wi th  
season and a p p a r e n t l y  change p a l a t a b i l i t y ,  s i n c e  dehydrat ion i n f l u e n c e s  
a c c e p t a b i l i t y  of many c u l t i v a r s ,  a s  shown i n  t h e  p rev ious  s e c t i o n .  
Some seasona l  changes i n  t a s t e  a r e  a l s o  l i k e l y  and may be c r i t i c a l  t o  
a c c e p t a b i l i t y .  
Golden De l i c ious  i s  h i g h l y  p r e f e r r e d  by p i n e  v o l e s  whether f r e s h  
dormant o r  d r i e d  dormant. P i n e  v o l e s  avoid t h e  b i t t e r  t a s t e  of 
qu in ine  i n  l i q u i d  t a s t e  p re fe rence  t e s t s  (1) .  To a  human t a s t e  panel  
a of  6  women r a t i n g  autumn-cut a p p l e  shoo t s ,  ba rk ,  and pulp ,  Golden 
De l i c ious  and 613 were s i g n i f i c a n t l y  more b i t t e r  than  Rob. 5 and 
M.9 (Fig. 3a ) .  For v o l e s  then ,  Golden De l i c ious  p a l a t a b i l i t y  may be a  
f u n c t i o n  of some q u a l i t y  o t h e r  than  t a s t e .  
More ev iden t  t o  humans a r e  t h e  t e x t u r a l  d i f f e r e n c e s  among clones .  
An a t t empt  t o  break a  shoot  can r e s u l t  i n  a  s imple  snap of t h e  twig a s  
i f  i t  were a l r e a d y  s e r r a t e d ,  o r  can produce a  s t r u g g l e  w i t h  long 
f i b r o u s  s t r i n g s  which a r e  n o t  e a s i l y  broken o r  c u t .  To t e s t  t h e s e  
t e x t u r a l  d i f f e r e n c e s ,  we measured: (1) t h e  d e n s i t y  of many Malus 
c u l t i v a r s  by wa te r  d isplacement  and (2) t h e  percentage d r y  weight.  
D e n s i t i e s  s i g n i f i c a n t l y  inc reased ,  on t h e  average,  from win te r  
dormant t o  autumn (2 = .99, 1.12, r e s p e c t i v e l y ) .  Densi ty  v a l u e s  i n  
autumn d i d  n o t  r e l a t e  t o  acceptance by v o l e s  o r  e a s e  of breaking 
s h o o t s ,  however d e n s i t i e s  of dormant shoo t s  were r e l a t e d  t o  extremes 
i n  a c c e p t a b i l i t y  o r  i t s  absence. F ive  c u l t i v a r s  appeared i n  t h e  t o p  
and f i v e  i n  t h e  bottom of a c c e p t a b i l i t y  i n  a t  l e a s t  two of f o u r  
dormant measures (damage s c o r e s  f o r  f r e s h ,  d ry ,  sprouted;  pe rcen tage  
consumption f o r  f r e s h ) .  The f i v e  h i g h l y  accep tab le  v a r i e t i e s  (Golden 
De l i c ious ,  5 .9 ,  74R5M9-755, 7527R5-181, 74R5M9-934) had lower 
d e n s i t i e s  (X = .97 + .01) t h a n  t h e  h i g h l y  r eaec ted  c u l t i v a r s  
(746363-37, 613, MM.106, 746363-32, Rob. 5 ;  X = 1.03 + .02).  
The pe rcen t  d r y  weight a l s o  changed wi th  season,  i n c r e a s i n g  from 
t h e  autumn (X = 45.4 + .02, n  = 32 c u l t i v a r s )  t o  t h e  dormant season 
(X = 56.3 + .01; n = 32 c u l t i v a r s ) .  Again, t h e  dormant shoo t s  
d i f f e r e d  i n  pe rcen t  dry-weight a t  a c c e p t a b i l i t y  extremgs. The f i v e  
most a c c e p t a b l e  c l o n e s  had lower-percent d r y  weights  (X = .52 + .01) 
t h a n  t h e  f i v e  l e a s t  a c c e p t a b l e  (X = .59 + .01).  
These d a t a  i m p l i c a t e  t e x t u r a l  d i f f e r e n c e s  a s  important  i n  
r o o t s t o c k  a c c e p t a b i l i t y .  Comparative s t u d i e s  of wood s t r u c t u r e  and 
anatomy and seasona l  changes a r e  needed t o  c l a r i f y  t h e  bases  of 
c o n t r a s t s  i n  d e n s i t y  and d r y  weights.  
TASTE INFLUENCES ON GNAWING: I n  t h i s  experiment we s t andard ized  t h e  
t e x t u r a l  p r o p e r t i e s  of t h e  subs tance  and added t a s t a n t s  t o  determine 
dhether gnawing i s  a f f e c t e d  by t a s t e .  Wooden pegs were soaked f o r  
3  days  i n  f l a v o r a n t s  shown i n  previous  work t o  a f f e c t  p re fe rence :  .05 
M qu in ine  hydroch lo r ide  ( 1 ) ,  1.4 M suc rose  ( l ) ,  25% f r u i t  e x t r a c t  
DRC-470 ( 8 ) ,  co rn  o i l  ( 5 , 6 ) ,  o r  a  water  c o n t r o l .  Pegs were weighed 
and then  p resen ted  t o  1 0  p ine  v o l e  p a i r s  f o r  a  weekly 24 h r  t e s t  i n  a  
two-way repea ted  measured design.  A s  a  d ry ing  c o n t r o l ,  wet pe  s were 
allowed t o  a i r  d r y  i n  an  unoccupied cage dur ing  t h e  t e s t  perio!. 
OIL EXT WAT SUC QUI M T  O I L  WAT SUC QUI 
F i g u r e  4. Consumption of wooden pegs by p i n e  v o l e  p a i r s  whi l e  
gnawing.[Pegs were soaked i n  f r u i t  e x t r a c t  (EXT), suc rose  
(SUC), o r  qu in ine  (QUI) s o l u t i o n s  o r  water  (WAT) o r  corn 
o i l  (OIL) f o r  48 h r  and t h e n  p resen ted  i n d i v i d u a l l y  f o r  
24 h r  t e s t s . ]  
Dowels were reweighed a t  t h e  end of t h e  t e s t  and weights  c o r r e c t e d  f o r  
drying.  Fig .  4 shows t h a t  o i l  and extract -soaked pegs were s i g n i f i -  
c a n t l y  p r e f e r r e d  t o  qu in ine ,  a l s o  o i l  t o  suc rose  (Fig. 4a: ANOVA, 
4/63 d f ,  F  = 3.54, p < .025; t - t e s t s ,  p < .05) ,  and e x t r a c t  t o  suc rose  
(Fig. 4b; ANOVA, 4/36 d f ,  F = 5.38, p < .005; t - t e s t s ,  p < .05). 
These d a t a  v e r i f y  t h a t  t a s t a n t s  can enhance gnawing by p i n e  
vo les .  Most s u r p r i s i n g  was t h e  low a c c e p t a b i l i t y  of suc rose - t r ea ted  
pegs ,  s i n c e  suc rose  i n  l i q u i d  p re fe rence  t e s t s  i s  a highly-favored 
f l a v o r  . 
CONCLUSIONS: Taken t o g e t h e r ,  t h e s e  experiments h i g h l i g h t  t h e  
complexity o f  a p p l e  r o o t s t o c k  a c c e p t a b i l i t y  t o  v o l e s  and suggest  t h a t  
t e x t u r e  and t a s t e  f a c t o r s  a r e  bo th  c r i t i c a l  t o  a c c e p t a b i l i t y .  Fur the r  
s t u d i e s  could e l u c i d a t e  t h e  f e a s i b i l i t y  of enhancing o r  depress ing  
a c c e p t a b i l i t y  of r o o t s t o c k s  by adding v a r i o u s  t a s t a n t s ,  and the reby  
q u a n t i t a t i v e l y  d i s t i n g u i s h  r o l e s  of t e x t u r e  and t a s t e .  I n  a d d i t i o n  
t o  probable  s y n e r g i s t i c  i n t e r a c t i o n s  among r o o t s t o c k  c h a r a c t e r i s t i c s ,  
t h e  c o n d i t i o n  of t h e  v o l e s  i s  ano the r  v a r i a b l e  n o t  t e s t e d  he re .  
I n f l u e n c e s  of hunger,  d i e t  v a r i e t y ,  age and rep roduc t ive  s t a t u s ,  
thermal  s t r e s s ,  and food o r  water  d e p r i v a t i o n  i n  v o l e s  on r o o t s t o c k  
a c c e p t a b i l i t y  a r e  l i k e l y  t o  be  a s  s i g n i f i c a n t  a s  v a r i e t y  r e s i s t a n c e .  
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Pre l imina ry  F i e l d  Observat ions  of 
Meadow Vole P re fe rences  among 
S e l e c t e d  Apple Clones 
K a r e n  Pearson. J. N. C- 
New York S t a t e  Agr icu tu ra l  Experiment S t a t i o n ,  
Co l l ege  o f  Agr icu l tu re  and L i f e  Sciences ,  
Corne l l  Un ive r s i ty ,  Geneva, NY 14456 
Damage by v o l e s  h a s  con t inued  t o  be a  major cause  o f  t r e e  m o r t a l i t y  
American o rcha rds  d e s p i t e  n e a r l y  u n i v e r s a l  use  of h e r b i c i d e s  and r o d e n t i c i c  
1 ,  To reduce  damage done by vo les  i n  i n f e s t e d  orchards ,  one va luab i  
t o o l  could be  use  o f  a  s t o c k  system t h a t  v o l e s  found h igh ly  u n a t t r a c t i v e .  
Having such s t o c k  systems i n  p l a c e  would be  p a r t i c u l a r l y  va luab le  d u r i q  
p e r i o d s  when t h e  o r c h a r d i s t  could n e i t h e r  b a i t  nor s p r a y  f o r  con t ro l .  
A c o o p e r a t i v e  VPI/Cornell  r e s e a r c h  p r o j e c t  i n i t i a t e d  i n  1974 i d e n t i f i e c  
a  few c u l t i v a r s  wi th  r e l a t i v e l y  high l e v e l s  o f  r e s i s t a n c e  t o  pine vo les ,  a s  
expressed  i n  f ree-choice  tests under l a b o r a t o r y  cond i t ions .  This  work a l s o  
provided d a t a  su  e s t i n g  t h a t  such r e s i s t a n c e s  t o  pine  v o l e  were simplg 
i n h e r i t e d  i n  w $ g 2 , 6 ) .  
Apple growers  have l o n g  h e l d  t h a t  c e r t a i n  c u l t i v a r s  were a t t acked  
p r e f e r e n t i a l l y  by meadow v o l e s ;  'Hibernal '  and Mal l ing 9  (M.9) have been 
r e p o r t e d  t o  be  e s p e c i a l l y  s e v e r e l y  a t t acked .  We i n i t i a t e d  t h e  s tudy  repor ted  
h e r e  t o  determine whether c l o n e s  c o n s i s t e n t l y  r e j e c t e d  by pine  vo les  i n  
f r ee -cho ice  s i t u a t i o n s  i n  t h e  Winchester l a b o r a t o r y  t e s t s  would be s i m i l a r l y  
r e j e c t e d  by meadow v o l e s  under orchard c o n d i t i o n s  a t  Geneva. 
MATERIALS AND METHODS 
I n  a  h e a v i l y  sodded a p p l e  orchard a t  Geneva i n  November, 1979, we 
e s t a b l i s h e d  25 a c t i v e  t e s t  s i t e s  by providing covers  o f  sheet-metal roof ing  
approx 1  m square  (F ig .  1 ) ( 4 ) .  Populat ions  a t  each t e s t  s i t e  v a r i e d  from 
moderate ly  a c t i v e  wi th  a  s i n g l e  n e s t  and few runways t o  h igh ly  a c t i v e  wi th  
m u l t i p l e  n e s t s ,  numerous runways, and 15 o r  more v o l e s  c o n s i s t e n t l y  observed. 
Apple c l o n e s  which had been t e s t e d  f o r  p ine  v o l e  response a t  Winchester 
were o f f e r e d  t o  meadow vo les  i n  t h e  Geneva orchard t e s t  s i t e s .  From 12-gauge 
wi re ,  we c o n s t r u c t e d  r i n g s  approx 50 cm diam. and t o  each r i n g  a f f i x e d  12 
sp r ing- type  c l o t h e s p i n s  (F ig .  2 ) .  I n t o  each c l o t h e s p i n ,  we i n s e r t e d  a  shoot  
12 cm long  and 6-8 mm diam, 12 c l o n e s  per  r i n g  (Tab le  1 ) .  We usua l ly  used 8  
r e p l i c a t i o n s ,  each  colony s e r v i n g  a s  a  r e p l i c a t i o n .  'Golden De l i c ious1  was 
inc luded  i n  each t r i a l  a s  a  s t andard .  Af te r  24 and 48 h r ,  each shoot  was 
examined f o r  damage and r a t e d  0-11 on t h e  Bar ra t t -Hors fa l l  s c a l e  ( 5 ) .  These 
s c a l a r  d a t a  were t ransformed t o  a p p r o p r i a t e  % damage and then  compared by 
a n a l y s e s  o f  v a r i a n c e  and Duncan LSD. 
RESULTS AND DISCUSSION 
Meadow v o l e s  a t  Geneva e x h i b i t e d  p re fe rences  (F ig .  3) somewhat d i f f e r e n t  
from those  o f  t h e  pine  v o l e s  a t  Winchester.  Malus X sublobat?, PI 286613 wa: 
l e a s t  a t t a c k e d  i n  2 o f  t h e  3 t r i a l s  i n  which i t  was en te red ;  t h i s  clone had 
a l s o  been avoided by ,pine vo les  a t  Winchester. 'Golden Del ic ious '  and M.9, 
which were s u s c e p t i b l e  a t  Winchester,  were very heavi ly  a t t acked  by our  
meadow voles .  Robusta 5 ,  r a t h e r  r e s i s t a n t  a t  Winchester,  was heav i ly  
a t t acked  a t  Geneva. 
SUMMARY 
Our p re l iminary  f ree-choice t e s t s  i n d i c a t e  t h a t  t h e  methods used a r e  
e f f e c t i v e  f o r  f i e l d  eva lua t ions  o f  c lones  f o r  a t t r a c t i v e n e s s  t o  meadow 
vo les .  F i e l d  p re fe rence  of  meadow vo les  appear t o  be r a t h e r  similar t o  t h e  
p re fe rences  o f  pine v o l e s  a s  expressed i n  l abora to ry  t e s t s .  
We a r e  developing no-choice sc reen ing  systems. To t e s t  t h e  e f f i c a c y  of  
us ing  r e s i s t a n t  s t o c k s  i n  t h e  orchard,  we have begun product ion o f  t r e e s  o f  
spur-type 'Golden Del ic ious '  on PI  286613, M. X micromalus and 'Golden 
De l ic ious ' ;  t h e s e  s t o c k s  w i l l  make up both r o o t  system and t h e  lower 30 cm o f  
t runk.  
Important a d d i t i o n a l  r e s e a r c h  would inc lude  f i e l d  s t u d i e s  i n  s e v e r a l  
l o c a t i o n s  t o  determine whether t h e r e  a r e  major v a r i a t i o n s  i n  responses  o f  
l o c a l  vo le  populat ions  t o  t h e  va r ious  s t o c k s  o f fe red .  
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Table 1. Apple c lones  used i n  meadow vo le  
t e s t i n g  a t  Geneva, winter  1980. 
Code Clone i d e n t i f i c a t i o n  
Malus b r e v i ~ e s :  A c rabapp le  from Asia, similar t o  
M. f l o r i b u n d a .  
Budagovsky 9 ('Red-Leaved Parad i se ' ) :  A Russian roo t s tock .  
- 
'Cranberry Crab': A red-wooded f lowering crab.  
Eas t  Mal l ing Crab C: A v igorous roo t s tock  
o f  unknown parentage. 
'Golden De l ic ious '  (M. domestica) 
M. X picromalus:  A c r a b  de r ived  
from M. b a c c a t a  X M. s ~ e c t a b i l i s .  
M. baccata m s h u r i c a  
Mall ing 9: The most dwarfing roo t s tock  i n  commerce; 
M. pumila.  -
fOsmanf: From t h e  c r o s s  M. baccata  X 
M. domest ica  'Beau t i fu l  Arcadef.  
M. X r o b u s t a  Robusta 5 
( . D'u A m i a )  . k!. : A Japanese crab.  
. . M. j 3 D e c t a b i l ~ :  A Chinese f lower ing  crab.  
' S i s s i p u k l :  Canadian-bred M. Dumila 
n i e d z w e t z k m  X M. baccata .  
'Sugar Crab1 
M. yunnanensig fVilmorin ' :  A c r a b  from in land  China. 
M. X 9ub10- P I  2866 13 
(M. p r u n i f o l &  X fl. s i e b o l d u )  . 
Fig. 1. Typical colony s i t e  with covering of tarpaper 
and sheet metal. 
Fig. 2 .  Wire r i ng  approximately 30 cm diameter with 12 
spring-type clothespins,  each holding 1 t e s t  shoot. 
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SELECTIVE DAMAGE BY MEAWW VOLES 
AMONG 10 CLONES EXPOSED FOR 
48 HR I N  FREE CHOICE MODE. TRIAL 
60 
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Molus CLONE 
Fig .  3. ~ i f f e r e n c e s  i n  damage by gnawing of meadow voles  given 
f r e e  choice among 1 2  apple clones i n  3 t r i a l s .  Average damage 
a f t e r  24 and 48 h r s  a t  7 t o  10 s i t e s .  
AN EXPERIMENTAL MONITORING AND ADVISORY SERVICE 
I N  ORCHARD VOLE CONTROL 
Don W. Hayne 
and 
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The North Carolina integrated pes t  and orchard management projec t  ' 
(IPoMS) has moved from the data-gathering phase in to  an experimental 
information delivery system. We present  here for  possible comment the 
wr i t ten  directions f o r  vole monitoring tha t  we prepared fo r  use by the 
orchard spec ia l i s t s  who w i l l  implement the monitoring and advisory 
system. 
IPOMS s t a r t ed  i n  1976 as  a jo in t  e f f o r t  of a number of subject  
matter departments under the  North Carolina Agricultural  Research 
Service. A b r i e f  description of t h i s  cooperative e f f o r t  of hor t icul -  
t u r i s t s ,  entomologists, p lant  pathologists ,  economists, zoologists and 
s o i l  and weed sc i en t i s t s  has been presented t o  t h i s  group ( ~ a y n e  1978) 
Data on a l l  these aspects of apple production were gathered from 1976 
through 1979; they a r e  now being analyzed. According t o  plan, the 
projec t  moved i n t o  the information delivery phase i n  a preliminary way 
i n  1979, and now an experimental monitoring and advisory service w i l l  
be offered t o  a l l  IPOMS cooperators who a re  interested;  f o r  t h i s  t r i a l  
the  service w i l l  be r e s t r i c t e d  t o  those orchard blocks used in  the 
IPOMS study. 
To f a c i l i t a t e  t h i s  study, the IPOMS sc i en t i s t s  assembled a booklet 
fo r  use of the scouts and the cooperators. This booklet includes 
sections on monitoring, and on management and control ,  fo r  each pes t  
species.  This i s  a s  ye t  an in t e rna l  document only, and w i l l  not be 
available i n  i t s  present  experimental form t o  anyone except a projec t  
investigator or  a cooperator. 
We present  here the section on. monitoring voles i n  the hope tha t  
we w i l l  receive comment and cr i t ic i sm,  e i ther  a t  t h i s  meeting or l a t e r  
by correspondence. We have found tha t  specification of p rac t i ca l  
monitoring procedures i s  qui te  d i f f e ren t  from planning a sc i en t i f i c  
investigation.  The methods suggested here are  experimental i n  the 
sense t h a t  they a r e  untested i n  t h i s  par t icular  form. We w i l l  appre- 
c i a t e  comment. 
We hope tha t  with systematic monitoring of orchards, rodenticide 
applications w i l l  be made only when r ea l ly  needed; t h i s  should reduce 
both the t o t a l  volume used and the average cos t  of rodenticides. This 
should not only benef i t  the grower but a l so  reduce the s t r e s s  on non- 
t a rge t  species.  
A t  t h i s  time, t h i s  information delivery i s  seen as  a one-year 
experimental t r i a l  t o  explore the problems of such a system, with the 
thought t h a t  i n  the fu ture  t h i s  system may be car r ied  out under some 
other d i rec t ion .  There i s  no good reason, however, why a grower should 
not use these ins t ruc t ions  and monitor the vole populations i n  h i s  
orchards and then generate h i s  own advice about treatment. Perhaps, 
on the other hand, there  i s  room here fo r  a spec ia l i s t  t o  do t h i s  work 
a s  a public employee, or  a s  an employee of a cooperative, or on a 
custom bas i s .  
PEST MONITORING GUIDE - VOLES 
Voles a re  monitored by inspection fo r  signs of t he i r  ac t iv i ty .  
While voles reproduce a t  a high $ate compared t o  other mammals, they 
do not  increase rapidly from week t o  week i n  the manner of insec ts  and 
therefore they may be monitored a t  no more than three times per year, 
a s  follows : 
A .  Examine soon a f t e r  harvest i s  completed t o  determine whether 
rodenticide treatment i s  needed. 
B. Examine i n  midwinter, t o  assure tha t  treatment was s u c c e s s h l  
( i f  it was used) or t h a t  there has not  been a population 
increase such a s  t o  require treatment. 
C .  Examine i n  ear ly  spring t o  determine overwinter survival  or 
possible increase,  and as  a bas is  f o r  comparison the following 
f a l l .  
Methods of examination f o r  signs :y 
1. Examine 2 t r ees  i n  every acre.  
2 .  Choose f o r  examination t r ees  i n  the most l i k e l y  places for  
voles (with vigorous vegetative ground cover). Record on map 
approximate location of each t r e e .  
3 .  Using a modified rake, examine ground under both sides of a 
t r e e  ( i n  the  row, between t h i s  t r e e  and those nex t ) ,  search- 
ing  f o r  runways, holes,  cutt ings,  damage. Where ground i s  
bare beneath t r e e s ,  examine orchard f loo r  vegetation along 
edges of middles. 
4. Where signs a re  found a t  a t r ee ,  even apparently o ld  signs, 
f l a g  the  t r e e  and use the apple sign t e s t ,  returning the next 
day t o  read t h i s .  
5. If no signs a r e  found a t  a t r ee ,  do not use the apple sign 
t e s t  a t  t h a t  t r ee .  
1 iMaps a r e  mentioned throughout t h i s  section.  Rough sketch maps made 
with the  grower's ass is tance  on the f i r s t  v i s i t  t o  the orchard w i l l  be 
adequate, although the  bes t  available map should be used. Maps should 
be made on 8s x 11 inch paper i n  a form t o  be photocopied so tha t  a 
clean copy can be used f o r  notes on each v i s i t  t o  a pa r t i cu la r  orchard. 
Essent ia l  information on each map should include name of owner or 
grower, i den t i f i ca t ion  of the  block, acreage and some indication of 
sca le  (as length of one s ide  of block), with other information as 
desired.  Label blanks f o r  Date, Vole Species, Treatment Recommended, 
Treatment Reported (with date)  and Other Notes. 
6 .  Record t r ees  examined i n  approximate location on map, with 
plus (+) fo r  presence of signs and minus (-)  for  no signs,  
using a numerical score (0-4) t o  record r e su l t s  of apple s ign  
t e s t .  
7 .  Record on map judgement whether signs indicate pine vole or 
meadow vole ac t iv i ty  (or  possibly both).  
8. Trapping t o  be used only t o  confirm judgement concerning the 
species present .  
Directions fo r  Apple Sign Test 
On the f i r s t  day, a s l i c e  of apple i s  l a i d  out a t  a burrow 
entrance or i n  a runway, and covered with a "shingle" (a piece of 
asphalt  roofing about I 2  inches square). On the second day t h i s  piece 
of apple i s  "read", t h a t  i s ,  examined and scored on the following 
sca le  : 
0. No signs of having been cut  i n to .  
1. One or two b i t e s  have been removed. 
2 .  Substant ia l  amount of the apple eaten, but with area tha t  of 
a dime or l e s s .  
3. Area of consumed port ion more than a dime but l e s s  than a 
quarter  (coin).  
4. Area consumed more than a quarter ,  or apple piece i s  missing. 
In terpre ta t ion  of Monitoring Results 
Not knowing the economic threshold fo r  vole signs, no score can 
be s t a t ed  as  a threshold fo r  treatment. A conservative decision i s  t o  
t r e a t  with any pos i t ive  sign-test  reading. Monitoring can show when 
only p a r t  of an orchard needs treatment. 
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ABSTRCICT: A laboratory t e s t  of toxicity t o  voles of toxicants sprayed 
on a s o i l  substrate was used t o  t e s t  brodifacoum, chlorophacinone and 
endrin against pine voles. By th i s  t e s t ,  endrin was not as effective 
against meadow voles as  against pine voles. 
--------------- 
Rodenticides that  can be applied as ground sprays appeal t o  apple 
growers because they already have the spray equipment and experience i n  
using endrin. The potent ia l  of other available materials should be 
investigated for  t h i s  use, but f i e l d  t r i a l s  are  slow and costly. We 
have been studying the toxic i ty  of endrin t o  pine voles and the efficacy 
of endrin ground sprays i n  controlling these rodents i n  the f i e l d  and 
i n  the laboratory; some of our studies have suggested that  endrin may 
ac t  more as a tracking poison than as a toxicant ingested i n  the food 
supply. Evidence supporting t h i s  conclusion i s  unpublished but consists 
of observing tha t  in the laboratory when endrin i s  mixed in the food 
supply a t  toxic levels it serves as  a repellent t o  pine voles. Even when 
the voles have no other source of food, as the endrin content of the 
laboratory food approaches the IC50 as  determined i n  these t e s t s ,  the 
voles reduce the consumption of the endrin-containing food. When other 
food i s  available the effect  of endrin i s  reduced. Yet endrin ground 
spray i s  effective against pine voles i n  the f i e ld .  
With the thought that  endrin might ac t  as  a tracking poison, Barbara 
C .  ~ackma8was able t o  develop a dosage-response curve by mixing endrin 
with s o i l  t o  a known concentration, holding the animals' food uncontami- 
nated. We have used the same methods, but with the toxicants sprayed on 
the s o i l  surface. We do not know exactly how the animal acquires the 
toxicant; a reasonable guess seems t o  be that  it could ingest contami- 
nated s o i l  par t ic les  during i t s  vigorous grooming ac t iv i t i e s ,  which are  
so characterist ic of t h i s  form, or possibly by absorption through the 
skin of the fee t .  
METHODS: The t e s t s  reported here were carried out i n  two sets ,  
those of the pine vole i n  a laboratory on the Raleigh campus of North 
Carolina Sta te  University, and those of the meadow vole a t  the Vole 
Laboratory a t  the Mountain Horticultural Crops Research Station a t  
Fletcher, North Carolina. The same general methods were used with some 
differences i n  de ta i l s .  
A l l  animals used i n  the t e s t s  were adult  voles, captured wild in 
Henderson county. With the Raleigh t es t s  of pine voles, only adult  males 
were used, housed three i n  a cage. I n  the Fletcher t e s t s  with meadow 
voles, two animals were used per cage, one male and one female. Animals 
were held i n  captivity for  a minimum of 7 days before any t r i a l s .  
* 
Then with North Carolina Sta te  University. 
Table 1. Mortality of adul t  male pine voles exposed t o  three toxicants 
applied as  ground sprays on ear th  substrate;  10-day exposure. 
Toxicant Exposure Mortality 
lb s .  ac t ive  
Chlorophacinone 
Control 0.0 0/11 
A l l  t e s t s  of ground sprays were carried out on a s o i l  subs t ra te  i n  
a metal box measuring 23.5 x 15  inches, 6 inches deep. Each box was 
f i t t e d  with a top of $-inch hardware cloth;  each box had a layer of 
about 25-30 pounds of sandy loam s o i l  containing a moderate amount of 
organic matter. This s o i l  had been s i f t e d  through a $-inch hardware 
c lo th  screen t o  remove stones, clumps of s o i l  and pieces of p lant  
material .  Small amounts of water were added t o  the s o i l  periodically t o  
maintain s o i l  moisture. For food, apples were suspended above the s o i l  
surface t o  prevent d i r ec t  contamination. A water b o t t l e  was provided. 
No nesting or other cover was provided t o  the animals, which l i ved  on 
the s o i l  subs t ra te .  Control animals were held on untreated s o i l  i n  the 
Raleigh t e s t s  but not  i n  those a t  Fletcher.  Animals were observed every 
24 hours or more often and body weights were measured every other day. 
Tests a t  Raleigh were terminated a t  the end of 10 days and a t  Fletcher 
a t  the end of 21 days. 
A l l  toxicants were applied mixed i n  water t o  a uniform volume of 
about 125 m l .  This spray application was made as uniform a s  possible 
and allowed t o  dry overnight in the Raleigh t e s t s ,  and fo r  four hours i n  
the Fletcher t e s t s ,  before t e s t  animals were introduced. The d i l u t e  
spray applications were equivalent t o  approldmately 560 gallons per 
sprayed acre.  I n  the  Raleigh t e s t s ,  solutions were made up from comrner- 
c i a l l y  available formulations of endrin and chlorophacinone, and from 
technical  brodifacoum provided by the I C I  Americas Corporation. I n  the  
Fletcher t e s t s ,  the concentrations of endrin were prepared from technical  
material  provided by Velsicol  Corporation; t o  allow dispersion i n  water 
the  endrin was dissolved i n  a small quanti ty of yylene with 3.5 percent 
emulsif ier .  
Table 2 .  Mortal i ty of adul t  meadow voles exposed t o  endrin applied as 
ground spray on ear th  substrate;  21-day exposure. 
Exposure Mortality 
lb s .  ac t ive  
per acre  
7 .0  9/22 
14.0 10/20 
21.0 u / 1 6  
24.5 9/12 
I n  f i t t i n g  a dosage response curve t o  the mortal i ty data from the 
laboratory t e s t s ,  probi t  analysis  was car r ied  out, using the  SAS system 
( ~ a r r  e t  a l .  1979) with log-transformed values of the variable applica- 
t i on  r a t e s .  
RFSULTS: Tables 1 and 2 show the mortality of voles exposed t o  
ground sprays with the application r a t e  expressed as pounds per acre of 
ac t ive  ingredient .  Table 1 shows the r e su l t s  fo r  pine voles with the 
three  rodenticides: brodifacoum, chlorophacinone, and endrin. Table 2 
shows the r e s u l t s  fo r  meadow voles exposed t o  endrin. I n  Table 3, 
r e s u l t s  a r e  combined and r e s t a t ed  as  median l e t h a l  application r a t e s  and, 
where possible,  compared with the r a t e s  of application on the regis tered  
labels  fo r  chlorophacinone and endrin. 
DISCUSSION: For both endrin and chlorophacinone, the median l e t h a l  
application r a t e  f o r  pine voles, as determined i n  the laboratory t e s t s ,  
was of the  same order a s  t h a t  directed by ins t ruc t ions  on the l abe l ,  
making allowance f o r  s t a t i n g  both r a t e s  as per sprayed acre.  We do not  
understand why the  r e su l t s  from the bioassay approximate so  closely the 
l abe l  recommendation a s  t o  application r a t e .  I f  the bioassay t e s t  and 
the  f i e l d  application were exactly comparable, and we would not expect 
t h a t  they would be, then we would expect the median l e t h a l  dose t o  be 
something l e s s  than the ef fec t ive  f i e l d  application r a t e .  We need more 
experience i n  comparing the two methods of exposure before we can under- 
stand t h i s  question, bu t  one explanation might be tha t  i n  the f i e l d ,  
some rodenticide i s  obtained through the food supply, a route we 
attempted t o  eliminate i n  our laboratory t e s t s .  O r ,  perhaps the spray- 
covered vegetation provided more surface from which the  rodenticide 
might be picked up on the fur  and ingested i n  grooming. 
Table 3. Median l e tha l  application ra te  of rodenticide ground spray in 
laboratory t e s t s  as coqared with label  r a tes .  
Rodenticide Species n Application ra tes  as 
lb/acre active 
LC50 i n  lab t e s t s  Rate specified 
(95% confidence on label  
l imi ts)  
Brodifacaun Pine vole 21 0.18 (0.12-+) - 
Chloraphacinone Pine vole 18 0 . 4 2 ( + )  0.3& 
Endrin Pine vole 18 3.13 (1.88-*) 3 . d  
Endrin Meadow vole 102 10.63 (7.05-13.64) 3. d 
* 
Unable t o  s e t  l imi ts  because of heterogeneity of data. 
1 A a b e l  ra tes  interpreted as  pounds of active ingredient per sprayed 
acre. Based on area sprayed within t r ee  drip l ines ,  sprayed area i s  
assumed t o  be 2/3 of orchard area.. 
Comparative resul ts  with the two species of voles suggest that  
endrin may not be as  effective against the meadow vole as it i s  against 
the pine vole. These resul ts  are supported by observations i n  one 
orchard where endrin was reported t o  have been used without success, 
and where we found sunriving animals t o  be meadow voles. For these 
t e s t s ,  we obtained the t e s t  animals fYom other orchards. A t  present we 
do not have a v  stronger confirming information that  endrin i s  not 
effective as  a ground spray for  eliminating meadow voles. 
I n  developing t h i s  laboratory bioassay method for  tes t ing ground 
sprays we hope, of course, that  it could serve as a l e s s  expensive 
screening method for  investigating candidate g r d - s p r a y  materials t o  
replace endrin. Clearly, t h i s  method i s  no substi tute for  good f i e l d  
t r i a l s ,  but it has the advantage that  t e s t s  can be made under controlled 
conditions and without special permits or clearance i f  nonregistered 
materials are  used. Although these laboratory t e s t s  cost l e s s  than 
well-conducted f i e l d  t r i a l s ,  they cost more, and are  slower than the 
ordinary toxicity t r i a l s  carried out i n  small laboratory cages. 
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ABSTRACT: I n  a randomly selected sample of 47 orchard blocks i n  
Henderson County, North Carolina, over two years, the average annual 
mortal i ty r a t e  f o r  apple t r ees  was 1 . 0  percent with probably a l i t t l e  
l e s s  than ha l f  of t h i s  caused by voles. 
--------------- 
It i s  not  necessary t o  t e l l  t h i s  group tha t  voles k i l l  apple t r ees ;  
But t o  s e t  t h i s  f a c t  i n  context, we a re  reporting on a study of the r a t e  
and the  causes of apple t r e e  death based on observations of 28,778 
t r ees  fo r  three  years and determination of cause of death fo r  775 t r ees  
I This investigation i s  p a r t  of an interdisciplinary study being 
car r ied  out by the North Carolina Agricultural  Research Service t o  as-  
semble data f o r  an integrated at tack on the management of orchards and 
orchard pes ts  i n  North Carolina. This projec t  (acronym:1~Oi%3) has been 
described b r i e f l y  t o  t h i s  group ( ~ a y n e  1978). 
METHODS: Selection of orchards for  t h i s  study was ef fec t ive ly  a t  
random. A few years before the IPOMS study began, the North Carolina 
Agr icul tura l  Crop Reporting Service had, for  another purpose, photo- 
graphed Henderson County from the a i r  and outlined on a e r i a l  maps a l l  
of the obvious orchard p l a t i n g s  in  Henderson County; fo r  sampling pur- 
poses, they designated "blocks" which were orchard areas mostly of two 
t o  e ight  acres .  The work areas for  the IPOMS study were chosen a t  
random from these blocks. It was not  possible t o  e l i c i t  adequate coop- 
era t ion  i n  23 of the 64 selected orchard blocks; these were eliminated. 
The remaining 41 randomly selected blocks represent as close t o  a 
random se lec t ion  as  i s  possible i n  a p rac t i ca l  study. I n  addition, 
inves t iga tors  included e ight  blocks carried over from other studies;  
these perhaps were b e t t e r  operated on the average. The IPOMS study i s  
broad-ranging, with the dead t r e e  survey being only a small p a r t .  Some 
re su l t s  a r e  reported here from 47 orchards; i n  f ive  of these only par- 
t i a l  information was obtained because the method of t r ee  selection,  
pull ing and examination was not acceptable t o  the grower. 
I n  the blocks covered, the plan was t o  p u l l  and examine a l l  dead 
t r ees  during each of the three  winters of 1976-77 through 1978-79. 
Trees were examined i n  f a l l  before leaf  f a l l ,  when dead and dying t rees  
could be dist inguished eas i ly  and marked. Later i n  the winter they 
were pulled and the  cause of death determined i n  the opinion of a two- 
man team made up of the  f i r s t  two authors, one trained i n  wi ld l i fe  and 
experienced i n  vole cont ro l  and the other,  a p lant  pathologist  working 
with apples. 
Two kinds of information op t r e e  death a re  presented here, f i r s t ,  
estimates of annual mortal i ty r a t e s  fo r  t h i s  randomly selected sample 
of orchards of Henderson County, North Carolina, and second, a percent- 
age a l locat ion  of the t rees  examined t o  d i f ferent  causes of death based 
on the judgement of the f i e l d  crew. 
Calculation of mortality r a t e s  i s  complicated by the f a c t  t ha t  
before we s t a r t ed  t o  identify and remove the dead t r ees  f'rom IPOMS 
orchards, not a l l  the growers had removed a l l  dead t r ees  every year.  
Therefore, i n  some of the orchards (and we did  not know which) the dead 
t r ees  removed the f i r s t  year were an accumulation of more than one year 
of mortal i ty and d id  not provide good information on the annual mortal- 
i t y  r a t e .  For t h i s  reason, annual mortality r a t e s  were determined only 
from the second and t h i r d  years '  r e su l t s .  We know only t o  a close 
approximation the t o t a l  number of t r ees  l i v ing  and dead. A count of 
t o t a l  l i v ing  and dead t rees  was made i n  February 1976; dead t rees  were 
counted i n  December of 1976, 1977 and 1978. During the following 
winters the research crew pulled and examined such of these designated 
t r ees  as the grower would allow. In  most but not a l l  cases there was 
complete agreement as  t o  whether a t r ee  should be pulled; with any dis-  
agreement the  judgement of the grower prevailed.  In  a few cases the 
grower pulled some dead t rees  as  routine orchard maintenance; we be- 
l i eve  tha t  i n  most cases we know the number they pulled. But it may be  
tha t  the annual mortality r a t e s ,  calculated from the bes t  information 
we have, may be s l igh t ly  underestimated. 
The percentage d is t r ibut ion  of cause of death i s  a summary of 
f i e l d  records fo r  the 775 t rees  examined. In  judging cause of death 
the f i e l d  crew attempted t o  reach a consensus on the primary cause 
where two or more fac tors  may have had an influence. Presence of tooth 
marks on bare wood of roots or trunk, and the edge of the bark being i n  
a d i s t i n c t  l i n e  a re  r e l i ab le  c r i t e r i a  of vole ac t iv i ty ,  though not nec- 
e s sa r i ly  of responsib i l i ty  fo r  death. 
I n  dist inguishing pine vole damage from tha t  of meadow voles, a 
number of guidelines were used, and judgement was based on an evalu- 
a t ion  of both the damaged t r e e  and the nearby vole habi ta t  i n  the 
orchard. Damage t o  roots and g i rd l ing  from sod l i ne  down i s  usually 
associated with pine voles whereas most meadow vole damage i s  from sod 
l i n e  up. Pine voles seem t o  begin on the roots and work up. The width 
of the girdled band i s  usually greater  for  meadow voles. Pine vole 
tooth marks a re  shorter  than those of the meadow vole. Pine voles make 
more tunnels and holes as  compared with more surface runways for meadow 
voles.  Pine voles generally do not leave grass cutt ings i n  the runways 
but meadow voles w i l l .  Pine voles w i l l  leave f eca l  p e l l e t s  anywhere 
along the m a y s  while meadow voles generally concentrate them a t  a 
few points .  Pine vole pe l l e t s  a re  smaller than those of the meadow 
vole p e l l e t s .  
RESULTS: A t  the f i r s t  removal of dead t rees  from these orchards, 
1 . 6  percent of 28,778 t rees  were found t o  be dead and were removed. 
Individual orchards varied i n  incidence of dead t rees ,  from 0 t o  4.7 
percent. During the second and th i rd  years of removal when the numbers 
of dead t rees  represented annual mortality, on the average 1 .0  percent 
of t rees  were pulled (1.2 percent the f i r s t  year, 0.7 percent the 
second) with t h i s  estimate based upon 51,389 tree-years. The highest 
single value fo r  annual mortality was 5.3 percent; a l l  other values lay  
below 3.0 percent. 
Table 1. Major causes of death of 775 apple trees i n  46 Henderson 
County, NC orchards; t rees  pulled and examined during 
winters of 1976-77 through 1978-79. 
- - 
Cause of death Percentage distribution 
Voles 
Pine voles 38.1 
Meadow voles 3.1 
Total, voles 
Disease 
Collar r o t  13.9 
White root r o t  9.9 
Clitocybe 3.2 
Armillaria 1.8 
Black root r o t  0.3 
Root r o t  (undetermined) 7.5 
Union necrosis (TRSV) 0.3 
Total, disease 
Other ident i f ied causes 
Winter injury 1.7 
TOP injury 2 .8 
Mechanical injury 2.3 
Drowning 4.8 
Roundheaded apple borer 1.0 
Wooly aphid 0.3 
Total, other 12.9 
Unknown causes 9 0 
Cause of death was determined for  a t o t a l  of 775 trees with alloca- 
t ion t o  the various ident i f ied causes a s  shown i n  Table 1. The pine 
vole was by f a r  the most important single cause of death identified,  
although the two species of voles together accounted for  less  than half 
the mortality. A l l  diseases together were s l ight ly  l e ss  important than 
the pine vole. 
DISCUSSION: This study suggests that  only about 40 percent of 
these deaths of apple t rees  i n  Henderson County were caused by voles. 
Although t h i s  was an important loss,  it was exceeded by other causes of 
death. On the average, the annual mortality ra te  of trees was about 1 
percent, thus the average annual loss t o  voles was l e ss  than 0.5 per- 
cent. Higher losses,  however, were concentrated i n  relatively few 
orchards; we recorded one value of 5.7 percent: we may expect that  
more extreme values would be found i f  more orchards were studied. 
We recognize that  the causes of mortality assigned here were not 
independent and that  the death of any one t ree  may have resulted from 
the  combined action of several fac tors .  I n  par t icular ,  an interaction 
between vole damage and various root diseases seems t o  be a good possi- 
b i l i t y  and perhaps an important fac tor  of mortality. What ro le  does the 
vole play i n  providing a wound through which the t r ee  may become in- 
fected with disease? Does the presence of root disease increase or 
decrease damage by voles? 
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UPDATE O F  PINE VOLE RESEARCH 
AT THE KEARNEYSVILLE EXPERIMENT FARM 
Roger S. Young 
Agricultural  Scientist-Horticultur e 
West Virginia University Experiment F a r m  
, Kearneysville, West Virginia 
As reported in the 1979 Proceedings of the Third Eastern  Pine 
and Meadow Vole Symposium, an a i r  and ground broadcast and hand 
placement in runs and mouse-ateria bait stations (tubes) experiment 
was s tar ted on December 5, 1978. Treatments were  to apply brodi- 
facoum (Volak) a t  10. 0 lb. /A and diphacinone (Ramik-Brown) a t  10. 0 
lb. and 20.0 lb. /A a i r  broadcast and 10.0 lb. /A ground broadcast 
and hand placement. The a i r  broadcast treatments were  not evenly 
distributed. Ground catch of the a i r  broadcast of brodifacoum 
resulted in one portion of the treated a rea  receiving 24% more toxi- 
cant. The a i r  broadcast treatments of diphacinone resulted in 12. 5 
lb. and 37. 5 lb. /A instead of the desi red 10. 0 lb. and 20. 0 lb. /A 
toxicant distribution. A second diphacinone application was made 
January 5,  1979 to a l l  diphacinone treatments except for the two a i r  
broadcast plots. These two plots were  t reated January 25, 1979 by 
ground application equipment. 
At the t ime of the f i r s t  toxicant applications, activity s i tes  
selected for apple placement to determine treatment effectiveness 
were  1000/o active. Treatment  activity ratings made December 27, 
1978, January 26, 1979, March 9, May 24 and June 16, 1979 were  
based upon a 0-10 scale  (0 = no par t  of apple eaten, 3 = Less than 
50% of flesh eaten, 5 = 50 to 80% of flesh eaten, 8 = 1000/o of flesh 
eaten, 10 = flesh and skin completely consumed. ) Table 1 gives the 
results of vole activity for March, May and June. 
The high reduction of vole activity in the non-toxicant control 
plots might be the result  of standing water of more than a week in 
the spring for pa r t  of the a rea .  
Two research experiments s tar ted in 1979 were: f i rs t ,  a 
cultural-herbicide t reatment  comparing very close (short growth) 
mowing of row middle throughout the year  with that of very limited 
mowing of 1 to 3 t imes per year ,  which would allow the indigenous 
vegetation to grow tall. The cultural-herbicide treatments a r e  in an 
a r e a  where vole activity has been greatly reduced through the use of  
chemical toxicant treatment. The purpose being to find out the in- 
fluence of a short  and ta l l  vegetation cultural sys tem has on the ease  
of vole control. The second experiment being that of brodifacoum 
treatments  comparing loose bait with the packet material  placed 
under shingle bait stations and in mouse-a ter ia l  bait stations. 
Various fescue g r a s s  plantings s t a r t ed  previously will be 
monitored for vole activity. These  g r a s s  plantings have not become 
very  well established in old o rcha rd  si tes.  
Table 1. Vole activity expressed a s  percent of reduced activity f rom 
the  100 percent  activity a t  s t a r t  of the experiment. 
Treatment  
Pe rcen t  Activity Reduction 
March 9 May 24 June 16 
CONTROL 
No Toxicant 28 4 6 19 
BRODIFA COUM 
Hand placement-runs 6 1 8 9 72 
Hand placement-tubes 8 6 7 2 5 6 
Broadcast-ground 8 0 8 8 83 
Broadcas t -a i r  14 .2  Ib. 8 3 6 8 98 
Broadcas t -a i r  8 .7  lb. 5 3 86 8 9 
Average 7 3 8 1 7 2 
DIPHA C INON E 
Hand placement- runs 3 0 1 13 
Hand placement-tubes 70 5 3 15 
Broadcas t -a i r  20.0 lb. 14 4 9 2 5 
Broadcas t -a i r  10. 0 lb. 9 1 15 
Broadcast-ground 10. 0 lb. 13 0 17 
Average 27 2 1 17 
PINE VOLE CONTROL IN 1979 FIELD PLOTS 
Ross E. Byers 
Associate Professor of Horticulture 
Winchester Fruit Research Laboratory 
Virginia Polytechnic Institute and State University 
Winchester, Virginia 22601 
Abstract. Broadcast treatments of Volak (Brodif acoum) applied at 
rates of approx. 20 lbslacre gave 98% control of voles when active in- 
gredient levels were from 0.005% to 0.0005% in the hait. Of the two 
Rozol (Chlorophacinone)formulations tested, the French (Lipha) 
pelleted formulation appeared to be slightly better than what is cur- 
rently being marketed in the USA. The Maki (Bromodialone) bait formu- 
lated in the same wax bait carrier as the Rozol-USA gave no better con- 
trol than Rozol. Ramik-Brown (Diphacinone) did not appear to be as 
good as the other anticoagulants tested when applied either as a broad- 
cast or as a hand placed bait. 
Plastic place pack Volak gave excellent control of voles when 
placed under shingles, old tires split in half, or cinder blocks. A 
new pelleted Zinc Phosphide formulation from Bell Labs gave excellent 
control of pine voles when applied as a hand placed or broadcast bait. 
Zinc Phosphide oat and corn, surface-coated, grain formulations did not 
perform well. In a separate expyriment a laquard wheat formulation of 
Chlorophacinone performed well as a hand placed bait at 10 lbs/A under 
shingles. 
Introduction: Since the Environmental Protection Agency has been 
concerned with the potential non-target hazard of Brodifacoum for out- 
door uses, a concentration range from 0.005% to 0.0005% was evaluated 
against pine voles to determine the efficacy of lower active ingredient 
formulations. In addition, since broadcast baiting for pine voles is 
rather new, Volak was compared within the same experiment to Rozol, 
Maki, Ramik-Brown, and two formulations of Zinc Phosphide (Zn P ) on a 3 2 
uniform population. Also since little is known about the comparisons 
of the same formulations applied either as a hand placed or a broadcast 
bait, Ramik-Brown and two formulations of Zn P were applied at orchard 
rates using both methods. 3 2 
Methods and Materials: Evaluation of pine vole control p3.ots was 
determined using methods previously described (1,2). In these experi- 
ments plots were blocked according to the pretreatment activity read- 
ings by first ranking plots from high to low and assigning treatments 
randomly into activity categories: high, medium, low. Data summarized 
in Table 1 and 2 was in an prchard having approx. 36 trees/A (35' X 35'). 
Data in Table 3 was designed to evaluate split rubber tires and concrete 
cinder blocks (2 X 8 X 16 inches) as a site cover for Volak plastic 
place packs. 
Results  and Discussion: Broadcast appl ica t ions  of Volak a t  re- . 
duced ac t i ve  ingredient  l eve l s  from 50 ppm t o  5 ppm gave exce l len t  con- 
t r o l  of pine vo les  (Table 1 ) .  Present ly,  we be l ieve  a 10 ppm f in i shed  
b a i t  would be an adequate a c t i ve  ingredient  l eve l  f o r  pine voles .  With- 
ou t  f u r t he r  knowledge about i ts  acute  cha r ac t e r i s t i c s  a t  lower than the  
10 ppm l eve l ,  I bel ieve t h i s  should be t h e  l e v e l  of the  f i e l d  b a i t .  The 
Volak place pack with 2 packs l t ree  o r  about 70 per a c r e  gave exce l len t  
control .  However, those s i t e s  s t i l l  a c t i ve  were of concern, s i nce  we 
know no animals were k i l l e d  a t  these t r e e s  because the  packets were not  
opened. No explanation can be given fo r  why some packets were not  
opened. Laboratory da ta  i nd i ca t e  t h a t  5-10% of the  packets a l s o  a r e  
not  opened i n  s ing ly  caged pine vole t r i a l s .  Bet ter  cont ro l  was 
achieved with Rozol than Maki based on % a c t i v i t y .  This would not  be 
expected s i nce  Bromodialone is more tox ic  than Chlorophacinone (1) .  
The most s i gn i f i c an t  f ind ing  i n  the  1979 t e s t  was the  exce l len t  
cont ro l  achieved by a 2% Pe l l e t ed  Zinc Phosphide formulation made by 
Be l l  Labs, Inc.  The da ta  show t h a t  the formulation (FMC v s  Be l l  Labs, 
Table 1 )  is  more important than t he  method of appl ica t ion  (hand placed 
vs  broadcast) .  The Bel l  Labs formulation now has a f ede r a l  l a b e l  f o r  
voles  i n  orchards. The l a b e l  r a t e s ,  however, a r e  approx. 112 those 
r a t e s  used i n  these experiments. I am pa r t i cu l a r l y  concerned about t h e  
broadcast l a b e l  r a t e  being too low. I be l ieve  10 l b s f ac r e  is  a t  t he  
c r i t i c a l  l e v e l  f o r  t h e  number of p e l l e t s  per un i t  a rea ,  and therefore ,  
a 15-20 l b l a c r e  r a t e  should be used. The hand placed r a t e  of 2-3 l b s  
may be s u f f i c i e n t ,  but  more experiments w i l l  be required t o  determine 
t h i s .  The wholewheatRozo1 formulation applied a s  a hand placed b a i t  
a l s o  gave exce l len t  cont ro l  of pine vo les  (Table 2) .  
The placement of p l a s t i c  Volak packets under e i t h e r  s l i c e d  t i r e s  
o r  cinder  blocks (Table 3) gave exce l len t  control .  Place packs were 
opened very well  over t he  summer period which gave some evidence t ha t  
populations may have been q u i t e  high i f  packets had not been present .  
The % of t r e e s  in fes ted  i n  both p l o t s  i n  t he  f a l l  of 1979 were r a the r  
low but some voles were s t i l l  present .  This may have been due t o  t he  
% of packs unopened a s  discussed previously. 
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Table 3. E f f ec t  of b a i t  s t a t i o n  type on p ine  vo l e  a c t i v i t y  and 
p l a s t i c  packet opening of Volak place packs (1979). 
X 
% Act iv i ty  
Treatment Apr i l  3 May 11 Oct 30 Nov 28 May 8 
1. Rubber t i r e s  65 ay 11 a 22 a 16 a 22 a 
2. Cinder blocks 65 a l a .  1 3 a  6 b  1 7 a  
1. Rubber t i r e s  
2. Cinder blocks 
% P l a s t i c  packs open 
38 b 98 a 16 a 34 a 
66 a 70 b 15 a 20 a 
X Packets were placed under both t i r e s  ( s l i c ed  i n  ha l f )  o r  cinder  blocks 
on Apr i l  3, May 11, October 30, November 28, May 8. 
Mean separa t ion ,  wi th in  columns by Duncan's mult iple  range t e s t  5%. 
Three r e p l i c a t e  p lo t s / t rea tment .  One s i t e  t r e a t ed  per t r e e .  Over 45 
s i t e s  per p l o t .  
CURRENT RESEARCH RELATED TO PINE 
AND MEADOW VOLE DAMAGE CONTROL 
Mark H. Merson and Ross E. Byers 
Winchester Fruit Research Laboratory 
Virginia Polytechnic Institute and State University 
Winchester, Virginia 22601 
This paper will outline some of the research related to pine and 
meadow vole damage control which is currently underway at the Winchester 
Fruit Research Laboratory and outline some of the areas which we will 
be pursuing in the future. One question which must be answered when- 
ever a chemical is used to control a pest organism is how that chemical 
is impacting non-target organisms. A study was initiated in the fall 
of 1979, with the objective of determining by use of radiotelemetry 
the fates of birds of prey in the vicinity of orchards treated with 
Brodifacoum, an anticoagulant rodenticide. A further objective was to 
indirectly assess secondary hazard to birds of prey and scavengers by 
collecting live voles and vole carcasses after treatment for analysis 
for anticoagulant residue. 
The study area was an orchard near Front Royal, Virginia. The 
orchard was located in a heavily wooded area which was known to be in- 
habited by screech owls (Otus asio), great homed owls (- virginianus), 
and barred owls (Strix varia). Several species of hawks were also ob- 
served in the vicinity of the orchard. The orchard itself supported a 
heavy population of meadow voles (Microtus pennsylvanicus) which was 
causing considerable damage to the orchard. The orchard was treated 
with a broadcast application of 50 ppm Brodifacoum bait. 
The screech owl was chosen as a subject for study because of its 
relative abundance in the area and its non-migratory habits. Two 
screech owls were mist netted in the orchard, fitted with radio-transmitters 
and released. Unfortunately, the longest time which any of the screech owls 
retained its transmitter was 3 days and no data could be collected on the 
ultimate fates of the owls after orchard treatment with Brodifacoum. Three 
red-tailed hawks (Buteo jamaicensis) were also captured and two of these 
were radio-tagged and released. Both birds remained in the vicinity for 
2 to 3 weeks after capture but eventually contact ceased and, presumably, 
the birds had left the area. 
In addition to the work with raptors an attempt was made to quantify 
the numbers of meadow voles which died on the ground surface and the 
Brodifacoum burdens which they carried as well as the burdens carried by 
live voles during the latency period between application of the material 
and the start of vole deaths. This is the period during which birds of 
prey would be most likely to obtain a secondary exposure to the compound. 
The analysis of the voles collected has not been completed at this time. 
We plan to continue to work with and refine our radio-telemetry 
techniques in preparation for a similar study next fall. We have begun 
a program of placing nest boxes suitable for screech owls around various 
orchards in hopes of attracting screech owls to the area thus giving us 
subjects for study and, hopefully, an easy means by which to capture the 
owls when the time comes. 
We have also begun a series of laboratory trials concerning the 
efficacy of some of the various zinc phosphide (Zn P ) preparations 3 2 presently available for the control of pine and meadow voles in orchards. 
Zinc phosphide is a compound which has been in use for a number of years 
and we feel has the potential to be an important part of the total con- 
trol program available to the grower at the present time. Firstly, since 
the compound is not a new one, most growers will be familiar with its 
use; secondly, having a poison which the grower can alternately use 
which has a mode of action different from that of the anticoagulants 
presently in use will forestall or possibly prevent the development of 
vole strains which are resistant to these poisons; thirdly, we have 
found some of the new preparations of zinc phosphide now available to be 
very effective. 
Not all the zinc phosphide preparations are equally effective, 
however. Table 1 shows some of the data available at present concerning 
the efficacy of a 2% zinc phosphide pellet (Bell Labs, Madison, WI) and 
a 2% zinc phosphide cracked corn-oat preparation (FMC) for meadow voles. 
The data are from a 3-day choice test designed after the Microrus dry 
bait efficacy test of Byers and Palmateer (1979) only fresh Golden 
Delicious apple was substituted for the EPA challenge diet. We feel 
this substitution makes the test more stringent and makes the competition 
which the bait faces more of an approximation to that which would be pre- 
sent in the field at times when the bait would be applied. The animals 
were observed for 5 days after the poison was withdrawn. 
The mortalisy achieved by the pellet was far superior to that of 
the FMC grain (X 15.0; p<.05). The Bell Labs material achieved a 
quicker and more &o plete kill than the grain bait. The two baits were 
equally acceptable to the meadow voles, however, in terms of amounts of 
each bait eaten and the numbers of voles which consumed the bait. The 
real difference between the two was in the lethality of the baits to 
those voles which consumed them. Ninety-four percent of the voles con- 
suming the Bell Labs pellet died compared to only 30% of the voles con- 
suming the FMC grain. This difference may be related to the uniformity 
of the coating of zinc phosphide on the grain. It may be possible for 
the voles to select grains which do not have an adequate coating and 
consume only enough bait to develop an aversion to the bait but not a 
lethal dose. The consumption of the baits dropped to essentially zero 
by the second day of treatment. 
In a 1-day test with no challenge offered (only bait was present 
in the cage) the performance of the Bell Labs pellet improved to 100% 
mortality with meadow voles and the E'MC bait performance improved to 75%. 
The time to death was still significantly greater for the FMC bait, 
however (p< .05) . 
In Table 2 are the results of a 3-day choice trial with pine voles 
involving the Bell Labs pellet and FMC grain plus two preparations 
manufactured by the Bonide Chemical Co. (Yorkville, NY) and a 1% 
paraffin base pellet (Parazinc) produced by the ArChem Corp. (Portsmouth, 
OH). One of the Bonide preparations was a zinc phosphide coated cracked 
corn and the other was whole crushed oats. Both were 2% zinc phosphide. 
The Be l l  Labs p e l l e t  did not  perform a s  wel l  with pine voles  a s  it 
did with meadow voles (80 v s  90% mor ta l i ty )  but did cause s i gn i f i c an t l y  
more mor ta l i ty  i n  pine voles  (p<.05) than a l l  the  o ther  preparat ions 
except the  Bonide corn b a i t .  A Chi-square t e s t  f o r  independence com- 
paring the  Bonide corn and oa t s ,  the FMC gra in ,  and Para Zinc showed no 
s i gn i f i c an t  re la t ionsh ip  between these prepara t io  s and t he  mor ta l i ty  
which occurred i n  the  groups of voles  fed each (Xq = 3.60; p<. 10) . 
There was a l s o  a s i gn i f i c an t  e f f e c t  of the  preparai?bn on the  day on 
which death occurred with t he  Bel l  Labs p e l l e t  causing mor ta l i ty  i n  a 
s i gn i f i c an t l y  s ho r t e r  period of time a f t e r  the  s t a r t  of exposure than did 
t he  two Bonide preparat ions (p<.05). 
A l l  the b a i t s  were consumed i n  t he  same amounts by the  pine vo les  
with the  exception of the  Bonide oa ts .  The low r a t e  of consumption of 
t h i s  preparat ion by t h e  pine voles  may have been an  a r t i f a c t  of i ts  low 
densi ty.  Several p a r t i c l e s  could have been removed from the  feeder  
without r e su l t i ng  i n  a measurable change i n  the  amount of mater ia l  
o r i g ina l l y  given t o  t he  animal. A s  was t r u e  with meadow voles,  t he  
d i f fe rences  i n  the e f f icacy  of these preparat ions f o r  pine voles  i s  
probably r e l a t ed  t o  the  uniformity with which the toxicant  is  present  i n  
t he  b a i t .  
We plan t o  continue t o  t e s t  o ther  zinc phosphide mater ia l s  a s  they 
become ava i lab le  t o  us i n  order  t o  make t h i s  information ava i lab le  t o  
the  growers next season. We a r e  a l so  about t o  undertake s t ud i e s  t o  
examine f ac to r s  which influence the  hoarding response i n  pine and meadow 
voles with the  object ive of improving b a i t  acceptance and movement i n  
the  f i e l d .  
L i t e r a tu r e  Cited 
Syers, R. E. ,  and S. D. Palmateer. 1979 Microtus dry b a i t  laboratory 
e f f icacy  t e s t  method. Pages 101-106 i n  J. R. Beck (ed.) ,  
Vertebrate Pest  Control and Management Materials ,  ASTMSTP 680. 
American Society f o r  Testing Materials .  
Table 1. Performance and acceptability of two zinc phosphide 
preparations to meadow voles in a 3-day choice test 
(apple challenge). 
-- - 
Pellets Grain 
(Bell Labs) (FMC) Control 
Mortality 18/20 
(90%) 
Mean days to 1.3 + 0.1 2.0 + 1.1 - 
death (& S E ) ~  
No. consuming 18/20 20/20 
bait (90%) (100%) 
Mortality in 17/18 
consuming voles (94%) 
Mean bait consumption @ SE) 
Day 1 0.6 + 0.1 0.7 + 0.1 
(n) (20) (20) 
Day 2 0.02 + 0.01 0.02 + 0.01 - 
(n) (6) (18) 
Day 3 
(n) 
-- - 
a Significant difference between means (pc.05; analysis of variance). 
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FIELD EVALUATION OF CANDIDATE RODENTICIDES 
Mi l o  E. Richmond 
Pamela N. M i l l e r  
New York Cooperat ive  W i l d l i f e  Research U n i t  
Cornel l U n i v e r s i t y  
I t haca ,  N.Y. 14853 
Dur ing  autumn o f  1978 and 1979 t h e  New York Cooperat ive  W i l d l i f e  
Research U n i t  con t i nued  i t s  program o f  research and management aimed a t  
t h e  p i n e  v o l e  (Pi tymys p inetorum)  and meadow v o l e  ( ~ i c r o i u s  pennsylvan- 
i c u s ) .  Two h e r b i c i d e s .  Ammate-X (E. I .  Duoont de Nemours) and Kerb 
(Rho; & Haas Corp.) a l ong  w i t h  4  dand ida tk  rodent  i c i d e s  ,' Bromadiolone 
and Chlorophacinone (Chempar I n c . ) ,  Volak ( I  . C .  I .  Chemicals Inc . )  and 
z i n c  phosphide (Be1 l Labo ra to r i es  l nc . )  were t e s t e d  i n  bo th  o rcha rd  and 
l a b o r a t o r y  s i t u a t i o n s .  T h i s  work i s  b e i n g  conducted i n  c o n j u n c t i o n  
w i t h  a  sepa ra te  research u n i t  p r o j e c t  aimed a t  e v a l u a t i n g  t h e  p o t e n t i a l  
o f  u s i n g  p o p u l a t i o n s  o f  t h e  l a r g e r  meadow v o l e  t o  l i m i t  t h e  i nvas ion  
and success o f  t h e  s m a l l e r  b u t  more troublesome p i n e  vo le .  T h i s  b i o l -  
o g i c a l  c o n t r o l  aspect  w i l l  be t r e a t e d  i n  a  sepa ra te  manuscr ip t .  
METHODS 
Because prepared b a i t s  and chemicals may d e t e r i o r a t e  w i t h  t i m e  and 
h a n d l i n g  we examined a l l  o f  o u r  t e s t  m a t e r i a l s  i n  l a b o r a t o r y  t r i a l s  t o  
e s t a b l i s h  t h e i r  l e t h a l i t y .  L i kew ise  we examined t h e  cand ida te  he rb i - .  
c i d e s  f o r  any d i r e c t  t o x i c  e f f e c t s  on vo les .  Th i s  work was conducted 
w i t h  a  l a b o r a t o r y  co lony  o f  p r a i  r i e  vo les  (!. ochrogaster )  , a  spec ies  
c l o s e l y  r e l a t e d  t o  t h e  o rcha rd  vo les  t h a t  a r e  pes ts  i n  New York. Adu l t  
an imals  were housed two pe r  cage and p rov ided  w i t h  r a b b i t  chow and 
wa te r  ad l i b i t u m .  Wood shav ings served as bedding; a l l  animals were 
s u b j e c t e d  t o  a  l i g h t i n g  regime o f  14 L  10 D. 
The h e r b i c i d e s  Kerb and Ammate-X were prepared as pe r  l a b e l  
i n s t r u c t i o n s  and each a p p l i e d  t o  16 animals and t h e i r  food p e l l e t s  w i t h  
a  hand sp raye r .  The an imals  were observed f o r  m o r t a l i t y  o r  abe r ran t  
b e h a v i o r  f o r  two weeks p o s t  t r ea tmen t .  Bromadiolone, Chlorophacinone, 
Volak and z i n c  phosphide each were o f f e r e d  t o  8  caged p a i r s  as t r e a t e d  
b a i t s  i n  t h e  absence o f  o t h e r  food. These p a i r s  were a l s o  observed f o r  
two weeks o r  u n t i l  a l l  had d ied .  Resu l ts  o f  t h i s  work a r e  summarized 
i n  Tab le  1 .  
F i e l d  t e s t i n g  o f  t h e  2  h e r b i c i d e s  and 4  r o d e n t i c i d e s  was conducted 
i n  U l s t e r  Co., New York between 2  September and 15 December o f  1978 and 
1979. T h i r t e e n  sepa ra te  o rcha rd  p l a n t i n g s  o f  45 t r e e s  each (5 rows x  9  
t r e e s )  were s e l e c t e d  i n  t h e  towns o f  New P a l t z ,  H igh land,  C l i n t o n d a l e  
and Brewster ,  N.Y. A l l  13 o f  t h e  o rcha rds  had p i n e  v o l e  popu la t i ons  
and 5  had b o t h  p i n e  and meadow vo les  p resen t  as conf i rmed by l i v e  t r a p -  
p i n g .  Tree v a r i e t y ,  age and management d i f f e r e d  across p l o t s  and t h e r e  
was no a t t emp t  t o  c o n t r o l  these v a r i a b l e s .  A  p re - t rea tmen t  v o l e  a c t i v -  
i t y  i ndex  (Eadie 1954) was determined by p l a c i n g  an app le  s l i c e  under a  
t a r p a p e r  cover  and reexamin ing t h e  app le  s l i c e  a f t e r  24 hours .  Post-  
t r ea tmen t  a c t i v i t y  l e v e l s  were moni tored i n  t h e  same way u s u a l l y  a t  one, 
two, f o u r  and s i x  weeks. 
Table  1 .  Resu l ts  o f  p r e l i m i n a r y  l a b o r a t o r y  sc reen ing  f o r  t o x i c i t y  o f  
cand idate  rodent c o n t r o l  m a t e r i a l s .  
Candi date  No. vo les  No. s u r v i v i n g  a f t e r  Percent 
m a t e r i a l  M. ochrogaster  4 da 8 da 16 da 14 da mor ta l  i t y  
Herb i c ide  
Kerb (4 Ibs /a)  16 16 16 14 14 12% 
Ammate (120 
I bs/a) 16 16 16 15 15 6  % 
Roden t i c i de  
Bromadiolone 
(pe l  l e t s )  16 5  1 0 0  100% 
Volak ( p e l l e t s )  16 0  0  0  0  100% 
Z inc  phosphide 
(pe l  l e t s )  16 2  1 1 1 94% 
Chlorophacinone 
( lacquered wheat) 16 6  2  1 0 100% 
There a r e  two b a s i c  choices t o  be made i n  the f i e l d  e v a l u a t i o n  o f  
cand ida te  r o d e n t i c i d e s .  One must make e i t h e r  an i n t e n s i v e  e f f o r t  t o  
s tudy a  few m a t e r i a l s  w i t h  d i f f e r e n t  a p p l i c a t i o n  r a t e s  and t imes and 
w i t h  r e p l i c a t i o n  o f  each t e s t  o r  an ex tens i ve  e f f o r t  w i t h  a  v a r i e t y  o f  
cand idate  m a t e r i a l s  b u t  w i t h  fewer t reatment  v a r i a b l e s  and r e p l i c a t i o n s .  
Because t h e r e  e x i s t  a  v a r i e t y  o f  cand idate  m a t e r i a l s  and methods t h a t  
have some p o t e n t i a l  i n  o rcha rd  pes t  management and because we were 
a t t e m p t i n g  t o  p r o v i d e  a  p r e l i m i n a r y  sc reen ing  o f  seve ra l  m a t e r i a l s  we 
opted f o r  t h e  e x t e n s i v e  approach w i t h  a  l i m i t e d  number o f  r e p l i c a t i o n s .  
Tab le  2  p rov ides  a  summary o f  t he  m a t e r i a l s  t es ted ,  t h e i r  f o r m u l a t i o n ,  
and r a t e s  o f  a p p l i c a t i o n .  Resu l ts  a r e  g i ven  as t h e  percent  a c t i v i t y  
remain ing i n  t h e  t r e a t e d  p l o t .  Post - t reatment  i n d i c e s  a r e  d e r i v e d  o n l y  
f rom those t r e e s  t h a t  were determined a c t i v e  a t  t h e  t ime  o f  p r e - t r e a t -  
ment index ing.  
Tab le  2. Candidate m a t e r i a l s  s e l e c t e d  f o r  f i e l d - t e s t i n g  i n  1978 and 
1979. 
Bromadiolone (pe l  l e t s )  Handbai t ing  
Handbai t ing  
Broadcast 
Ch l orophaci  none ( I  acquered wheat) Handbai t i  ng 
Handbai t i  ng 
Handbai t ing  
Z inc  phosphide (pe l  l e t s )  Handbai t ing  
Handbai t ing  
Broadcast 
Volak (pe l  l e t s )  Broadcast 
Kerb (we t tab le  powder) Backpack sprayer  
Backpack sprayer  
Ammate ( I  i q u i d )  Backpack sprayer  
RESULTS AND UlSCUSSlON 
Labora to ry  e v a l u a t i o n  o f  Kerb and Ammate f o r  a  d i r e c t  e f f e c t  on 
vo les  proved n e g a t i v e  (Tab le  I ) .  The vo les  i n  bo th  h e r b i c i d e  t reatment  
groups a t e  l e s s  than d i d  a  c o n t r o l  group g i ven  un t rea ted  r a b b i t  chow; 
however, t h e r e  was no m o r t a l i t y  o r  unusual behav ior  w i t h i n  the  f i r s t  
e i g h t  days and t h e  deaths t h a t  d i d  occur  l a t e r  may have been caused by 
an agg ress i ve  cage mate. L a t e r ,  when a p p l i e d  as in tended f o r  vegeta- 
t i o n  c o n t r o l  bo th  m a t e r i a l s  were very  e f f e c t i v e .  A l l  f o u r  r o d e n t i c i d e s  
were e f f e c t i v e  when o f f e r e d  w i t h o u t  cho ice t o  caged vo les  (Table I ) .  
The Chlorophacinone lacquered wheat was n o t  eaten as r e a d i l y  as t h e  
o t h e r  b a i t s  b u t  was consumed as r a p i d l y  as un t rea ted  wheat o f f e r e d  t o  
a  c o n t r o l  group. O v e r a l l ,  t h e  b a i t s  were q u i t e  t o x i c  when o f f e r e d  
w i t h o u t  cho i ce  ove r  seve ra l  days. 
F i e l d  e v a l u a t i o n s  o f  t h r e e  h e r b i c i d e  t reatments  a r e  shown i n  
F igu res  1 and 2. Kerb a p p l i e d  a t  one and a t  f o u r  pounds pe r  a c r e  o f  
ground cover  had a  s l i g h t  e f f e c t  i n  r e d u c t i o n  o f  p i n e  v o l e  a c t i v i t y .  
Kerb was ve ry  e f f e c t i v e  i n  k i l l i n g  t h e  ground cover  i n  both  o f  t h e  
p l o t s  b u t  w e l l - e s t a b l i s h e d  v o l e  tunne ls  cont inued t o  harbor  animals i n  
s p i t e  o f  a  dead sod l a y e r  on t h e  su r face .  Heavy snow cover prevented 
l a t e r  e v a l u a t i o n  o f  these p l o t s  and by s p r i n g ,  p i n e  vo les  had d e c l i n e d  
t o  an ex t reme ly  low l e v e l  th roughout  t he  c o n t r o l  and exper imenta l  p l o t s .  
Con t ro l  
I 
I 
I 4 I bs /a  
I 
I 
I 
I 
I 
I 
I 
I I 1 I I I I I 
Pre- 1 2 3 4 5 6 
t r ea tmen t  Weeks pos t - t rea tmen t  
F i g u r e  1 .  E f f e c t s  o f  ground-sprayed Kerb on p i n e  v o l e  a c t i v i t y  
i n d i c e s ,  U l s t e r ,  Co., New York. 
F i g u r e  2 .  E f fec ts  o f  t he  h e r b i c i d e  Ammate-X on p i n e  v o l e  and 
meadow vo le  a c t i v i t y  i n d i c e s  and l i v e  catch.  
Ammate-X, a  broad spectrum h e r b i c i d e ,  was a p p l i e d  a t  t h e  recommended 
r a t e  o f  120 Ibs /ac re  t o  an o rcha rd  t h a t  we had p r e v i o u s l y  l i v e - t r a p p e d  
and a l s o  indexed u s i n g  t h e  app le  s l i c e  techn ique.  A  d r i f t  fence, 8 
' inches h i g h ,  p laced on a l l  s i des  o f  t h e  o rcha rd  a l lowed us t o  measure 
i ng ress  and egress o f  vo les  by l i v e t r a p p i n g  b e f o r e  and f o l l o w i n g  h e r b i -  
c i d e  t reatment .  The r e s u l t s  shown i n  F igu re  2 i n d i c a t e  t h a t  d e s t r o y i n g  
t h e  ground cover i n  e a r l y  f a l l  w i l l  cause a  s u b s t a n t i a l  movement o f  
vo les  f rom t h e  t r e a t e d  area.  Both t h e  a c t i v i t y  index and t h e  l i v e  ca tch  
dropped markedly a f t e r  t rea tmen t .  I t  shou ld  be noted t h a t  t he  t reatment  
area con ta ined  a  l a r g e  p r o p o r t i o n  o f  meadow vo les  and o n l y  a  few p i n e  
vo les .  I n  t he  p rev ious  experiment w i t h  Kerb ( ~ i g u r e  1) t h e  popu la t i on  
was known t o  be l a r g e l y  p i n e  vo les .  The d i f f e r e n c e  i n  response t o  t h e  
two h e r b i c i d e s  i s  l i k e l y  due t o  behav io ra l  d i f f e r e n c e s  i n  t h e  two 
spec ies .  P ine  vo les  appear t o  be s lower  than meadow vo les  i n  responding 
t o  a  h a b i t a t  change t h a t  a f f e c t s  t h e  o rcha rd  ground cover .  I n  bo th  
exper iments  however t h e  number o f  animals showed a  d e c l i n e  l end ing  
promise t o  t h e  con t i nued  t e s t i n g  o f  h e r b i c i d e s  f o r  v e g e t a t i v e  manipula- 
t i o n  and u l t i m a t e l y  v o l e  management. 
- I
- 
- 
- 
- 
1 
- 
- 
- 
Resul ts  f rom t h e  a p p l i c a t i o n  o f  Volak t o  a  s i n g l e  p l o t  a t  t he  r a t e  
o f  10 l b s .  pe r  ac re  a r e  shown i n  F igu re  3.  Drawing conc lus ions f rom a  
s i n g l e  a p p l i c a t i o n  i s  i n a p p r o p r i a t e ;  however, t h e  m a t e r i a l  does appear 
p r o m i s i n g  due i n  p a r t  t o  t h e  f a c t  t h a t  i t  gave reasonably good r e s u l t s  
when a p p l i e d  v i a  broadcast i n  an o rcha rd  h e a v i l y  i n f e s t e d  w i t h  p i n e  
vo les .  A  repeated broadcast  a p p l i c a t i o n  o r  handba i t i ng  would l i k e l y  
y i e l d  even b e t t e r  r e s u l t s .  
Pre- 0  1 2 3 4 5 6 
t reatment  Weeks p o s t - t  reatment 
I 
I 
I 
I Con t ro l  p l o t  a c t i v i t y  
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Bromadiolone (Mak i ) ,  a  new an t i coagu lan t  f rom t h e  f a m i l y  o f  
hydroxycoumarins,  has shown cons ide rab le  promise as a  r o d e n t i c i d e  and 
was i n v e s t i g a t e d  on t h r e e  p l o t s .  The r e s u l t s  o f  t h i s  work a r e  shown i n  
I I I I I 
P re -  1 2 3 4 5 6 
t r ea tmen t  Weeks p o s t - t  reatment 
F igu re  3 .  E f fec ts  o f  broadcast  b a i t i n g  w i t h  Volak on o rcha rd  v o l e  
a c t i v i t y  i n d i c e s .  
f i g u r e s  4, 5 and 6. The two h a n d b a i t i n g  t r i a l s  proved more e f f e c t i v e  
than t h e  broadcast method as has been ou r  exper ience f rom p rev ious  work 
w i t h  r o d e n t i c i d e s  and p i n e  vo les .  Bromadiolone was r e a d i l y  accepted by 
p r a i r i e  vo les  i n  t h e  l a b o r a t o r y  and by bo th  p i n e  and meadow vo les  i n  t he  
f i e l d .  
I I I I I I 
Pre- 1 2 3 4 
t reatment  
5 6 
Weeks p o s t - t  reatment 
F igu re  4.  E f fec ts  o f  h a n d b a i t i n g  w i t h  B r o m d i o l o n e  p e l l e t s  (Maki) 
on o rcha rd  v o l e  a c t i v i t y  i nd i ces .  
F igu re  5.  E f f e c t s  o f  handbai t i n g  w i t h  Bromodiolone p e l  l e t s  (Maki) 
on o rcha rd  v o l e  a c t i v i t y  i n d i c e s .  
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F i g u r e  6.  E f fec ts  o f  b roadcas t i ng  w i t h  Bromodiolone pe l  l e t s  ( ~ a k i  ) 
on o rcha rd  v o l e  a c t i v i t y  i n d i c e s .  
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Another a n t i  coagulant ,  Chlorophaci  none (Rozol)  , was t e s t e d  as a  
lacquered wheat p r e p a r a t i o n  and a p p l i e d  by handba i t i ng  under ta rpaper  
b a i t  covers .  Resu l ts  o f  t h i s  work a r e  presented i n  F igures 7, 8  and 9 .  
Chlorophacinone/wheat gave reasonable c o n t r o l  i n  t he  two low d e n s i t y  
p l o t s  b u t  was much l e s s  e f f e c t i v e  i n  t he  h i g h  d e n s i t y  s i t u a t i o n  (F igu re  
7 ) .  These r e s u l t s  suggest t h a t  a  second b a i t i n g  i s  necessary i n  orchards 
where v o l e  d e n s i t y  i s  h igh .  
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Z inc  phosphide, a v a i l a b l e  i n  a  new f o r m u l a t i o n  ( p e l l e t e d  b a i t )  was 
broadcast  a t  10 Ibs /ac re  on one p l o t  and handbai ted a t  t he  r a t e  o f  4  
l bs /ac re  on two o t h e r  p l o t s .  F igures 10, 1 1  and 12 i n d i c a t e  t h a t  t h e  
broadcast  a p p l i c a t i o n  was as e f f e c t i v e  as the  two handba i t i ng  t r i a l s ,  
a l t hough  none o f  t h e  t reatments  reduced v o l e  a c t i v i t y  i n d i c e s  below 20 
pe rcen t .  By the  end o f  t he  6 t h  week a c t i v i t y  i n d i c e s  ranged f rom 28 t o  
50 percent  o f  t he  o r i g i n a l  a c t i v i t y  l e v e l .  Z inc  phosphide has 
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F i g u r e  7. E f fec ts  o f  h a n d b a i t i n g  w i t h  Chlorophacinone lacquered 
wheat on o rcha rd  v o l e  a c t i v i t y  
F i g u r e  8. E f f e c t s  o f  h a n d b a i t i n g  w i t h  Chlorophacinone lacquered 
wheat on o rcha rd  v o l e  a c t i v i t y .  
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F i g u r e  9. E f f e c t s  o f  h a n d b a i t i n g  w i t h  Chlorophacinone lacquered 
wheat on o rcha rd  v o l e  a c t i v i t y .  
Pre- 1 2 3 4  5 6  
t r a d i t i o n a l l y  been a  s u i t a b l e  r o d e n t i c i d e  when a p p l i e d  t o  app le  cubes 
o r  cracked corn and we f e e l  t h a t  a d d i t i o n a l  t r i a l s  o f  t h e  new p e l l e t e d  
f o r m u l a t i o n  a re  warranted i n  s p i t e  o f  t he  somewhat d i scou rag ing  r e s u l t s  
noted here.  
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F igu re  10. E f f e c t s  o f  Z inc  Phosphide p e l l e t s  on o rcha rd  v o l e  
a c t i v i t y  i n d i c e s  (10 Ibs /ac re  b roadcas t ) .  
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F i g u r e  1 1 .  E f f e c t s  o f  Z inc  Phosphide p e l l e t s  on o rcha rd  v o l e  a c t i v i t y  
i n d i c e s  (4 I bs/acre  handbai t ed )  
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F igu re  12. E f f e c t s  o f  Z inc  Phosphide p e l l e t s  on o rcha rd  v o l e  a c t i v i t y  
i nd i  ces (4 I bs /ac re  handbai ted)  . 
The r e s u l t s  o f  t h i s  work coupled w i t h  f i n d i n r s  f r o n  orev ious years 
(Richmond e t  a l .  1978, Byers and Young 1975, Byers fi. 1976, Byers 
1978) suggest t h a t  a  v a r i e t y  o f  r o d e n t i c i d e s  and c u l t u r a l  p r a c t i c e s  now 
e x i s t  t h a t ,  i n  t h e  hands o f  t h e  c a r e f u l  and w e l l  t r a i n e d  pes t  c o n t r o l  
manager, w i l l  reduce o rcha rd  v o l e  popu la t i ons  t o  a  t o l e r a b l e  l e v e l .  I t  
con t i nues  t o  be argued by growers and o t h e r s  t h a t  techn iques and 
products  a v a i l a b l e  t o  us a r e  n o t  cos t  e f f e c t i v e .  Th i s  may be t r u e ;  
however, t h e  d a t a  t o  r e f u t e  o r  accept t h i s  c l a i m  a r e  n o t  y e t  a v a i l a b l e .  
Regardless o f  t h e  answer, research and management shou ld  expand t h e i r  
e f f o r t s  t o  seek optimum, s a f e  c o n t r o l  s t r a t e g i e s  and con t i nue  an e f f o r t  
t o  reduce t h e  cos t  o f  pes t  c o n t r o l  f o r  t h e  grower. 
We thank t h e  seve ra l  growers who a l l owed  us access t o  t h e i r  
p r o p e r t y  and o c c a s i o n a l l y  p rov ided  h e l p  by changing t h e i r  ha rves t  o r  
management p lans .  John Hochste in ,  Jon B a r t ,  Bob Mungari and Barbara 
Hiaasen he lped w i t h  t h e  l i v e t r a p p i n g  and some o f  t h e  i ndex ing  o f  v o l e  
p o p u l a t i o n s .  Nancy Bowers typed t h e  i n i t i a l  and t h e  f i n a l  d r a f t s  and 
he lped  w i t h  t h e  f i g u r e s .  
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EFFECTIVE VOLE CONTROL WITH ZP RODENT BAIT AG 
Edward F. Marshall,  Be l l  Laboratories 
3699 Kinsman Boulevard, Madison, Wisconsin 53704 
Since the loss  of DDT, Vacor (DPL 787) and other acute rodenticides and 
the serious use restrictions placed upon strychnine and 1080 for  field use, 
i t  has become quite apparent that control of field rodents, more particular 
pine and meadow voles, with standard anticoagulants has become a difficult 
task, and in some instances impossible. 
Bell Laboratories, Inc. has chosen to take a very serious look a t  many of 
the older compounds and rework and reformulate these compounds into 
palatable and efficacious finished baits.  After 5 years  of research and 
development, Bell Laboratories, Inc. has recently registered, with the 
Environmental Protection Agency, a new acute single dose bait formulation 
containing 2% zinc phosphide, namely ZP Rodent Bait AG . 
ZP Rodent Bait AG i s  registered for control of ground squirrels  in noncrop 
a r ea s ,  prair ie  dogs in rangeland, ra t s  in sugar cane and meadow and pine 
voles in apple orchards and noncrop areas.  
Prior  to the EPA registration of Bell Laboratories' ZP products (tracking 
powder, commensal rodent bait and ag bait) it  was generally believed and 
accepted that the active ingredient, zinc phosphide, reacted with the 
moisture in the atmosphere to release phosphine gas.  Based upon field and 
laboratory studies, i t  has been determined that zinc phosphide i s  an ex- 
tremely stable compound and degradation occurs only when the compound 
comes in direct  contact with dilute acids o r  by the mechanical factors of 
weathering (wind and rain) where the compound i s  physically removed from 
the base material.  
Further ,  zinc phosphide reacts  with stomach acids to yield phosphine gas 
and naturally occurring zinc sal ts .  Phosphine gas i s  not stored in muscle 
o r  tissue & poisoned animals, so  there i s  no true secondary poisoning with 
this rodenticide . In studies conducted by the U .S . Fish and Wildlife Service, 
where zinc phosphide poisoned nutria were ground and fed to golden eagles, 
bald eagles ,  vultures, kit fox, coyotes and mink, the test animals demon- 
s trated no adverse effects, however a few of the test animals regurgitated 
the ground nutria which was due to the natural emetic action of zinc 
phosphide . 
Zinc phosphide has always been considered to be an extremely toxic com- 
pound. The acute oral  LD50 for  94% technical zinc phosphide i s  27 mg/Kg. 
The acute oral  LD50 of ZP Rodent Bait AG (2% zinc phosphide) i s  approxi- 
mately 1350 mg/Kg. and i s  rated a Category 111 pesticide by the EPA, how - 
eve r ,  due to the broad use pattern of the product, ZP Rodent Bait AG i s  a 
restr icted use pesticide. 
Technical zinc phosphide shows very slight toxicity by means of dermal 
exposure (LD50 2000-5000 mg/Kg.) However, once zinc phosphide i s  for-  
mulated into a 2% finished bait the dermal hazards a r e  even further 
reduced. 
Acute Inhalation LC50 study was performed on a product (in dust form) a t  
5 t imes the concentration of a dry bait (2% ZP Rodent Bait AG) and found 
to be nontoxic a t  a ra te  of 19.6 mg/liter of a i r .  
Zinc Phosphide is not considered to be an acute eye i r r i tant  nor i s  i t  con- 
sidered to be a pr imary skin irritant.  
Based upon the mode of action, low secondary hazards, and toxicity data: 
zinc phosphide can be generally regarded a s  being a relatively safe com - 
pound when used according to label directions. 
The secre t  behind manufacturing quality rodenticides is the base mater ials  
used. With a chronic rodenticide the bait must be palatable s o  that the 
rodent returns f o r  repetitive feedings. The same principle holds true in 
dealing with acute poisons where ideally the target rodent will ingest a lethal 
dose in just one feeding. Bell Laboratories, Inc. has  approached and 
solved the palatability problem by using a scientific blend of food grade 
cerea l s .  In using food grade iner ts ,  two primary obstacles have been 
overcome: 1. The product i s  extremely palatable s o  that it  can be compe- 
titive against naturally occurring foods and 2 .  The product i s  much more 
stable. 
Into these food grade cereals  i s  blended a 2% concentration of zinc phosphide 
using special binding agents to adhere the active to the base mater ials .  Pr ior  
to the registration of ZP Rodent Bait AG all other zinc phosphide formula- 
tions were either coated on oat groats ,  cracked corn o r  other feed grade 
iner ts ,  in doing so ,  the product was perhaps economical to produce, but 
was not attractive to the rodent. 
ZP Rodent Bait AG is currently registered for  control of pine and meadow 
mice (voles, Microtus, spp.) in apple orchards. Hand baiting, trailbuilder 
and broadcast baiting directions have been incorporated into the label 
directions. 
In preliminary studies conducted by Winchester Fru i t  Research Laboratory 
in  both the field and laboratory, ZP Rodent Bait AG has demonstrated to be 
a very effective control measure fo r  pine and meadow vole control reducing 
field populations a minimum of 94%. 
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